Vou. 92, No. 4 DECEMBER, 1963 


THE PHILIPPINE 
JOURNAL OF SCIENCE 


MANILA 
BUREAU OF PRINTING 
1964 


24148 


t сМ 
No MES 


d 


NATIONAL SCIENCE DEVELOPMENT BOARD 


JUAN 8. Satcevo, Jm, MLS, М.р, Acting Chairman 
GREGORIO Y, Zara, D.Sc, Acting Vice-Chairman 


MEMBERS OF THE BOARD 


Jose A. FERNANDEZ, M.D, Jose P. MARCELO, M.S. \ 
Iswro Macaspac, М.А. FLORENCIO А. MEDINA, M.S. 
d CaNvTO G, MANUEL, D.Sc. Ennus T. VRATA, PH. D. 


ALEJANDRO Roces, М.А. 


THE PHILIPPINE JOURNAL OF SCIENCE 


р Published quarterly by the National Institute of Science and Technology 
(Formerly Bureau of Science) P. 0, Box 774, Manila, Philippines 


CANUTO б. MANUEL, D.Sc, Editor 
FLaVIANO М. YENKO, A.B., В.Б, Associate Editor 
MAURO GAECIA, BS.E., Copy Editor 


CONTRIBUTING EDITORS 


ke Agriculture Geology 
ÅNACLETO В. CORONEL, D.V.M, В. BARCELONA, B.S.G.E, 
EUGENIO Е, Cruz, M.S, R В. АМЕР, M.S. 
RICARDO T. MARFORI, PH.D. H. Turas, PH.D. 


Dioscoro L, UMALI, PH.D, Evrwie C, VERA, M.S. 
Anthropology Medicine 
ALFREDO E. EVANGELISTA, M.A, BENJAMIN А; BARRERA, М.Р, 
RosERT B, Fox, PH.D, Сомро 8. Бахыт, M.D. 
MARCELINO №, MACEDA, PH.D. TRINIDAD Р. Prsigan, M.D. 
ARSENIO Е, MANUEL, М.А, Восвыо М. Revova, M.D. 
Botany Microbiolagg К 
DewETREIO В. MENDOZA, M.S, Por NO В. ARAGON, М.р. 
Faustino Т. Onto, PmD. MARTIN 8, CRLINO, M.S, 
Jose R. VELASCO, PH.D, Macano A. Paro, B,S.A. ` 
GREGORIO Т. VELASQUEZ, PH.D. Manto 0. SAN Juan, PHD, \ 
Chemistry Nuclear Science | 
loNACIO S. SaLcEDo, PH.D, Peoro б. АкАВЬЕ B.S.C.E. N 
ALFREDO С, SANTOS, PH.D, JULIAN BANZON, PH.D. F 
BIENVENIDO C. SIsoN, PH.D, Pario C. Campos, М.Р. 
AUGUSTO L, TENMATAY, PH.D. Jose О, JULIANO, PH.D, i 
Food and Nutrition Zoology 
BERNARDO ACENA, PH.D, HERMINIO RABANAL PH.D. 
EUFRONIO O, Carrasco, M.D., PH.D. Leorotno В. UicHanco, D.Sc, 
Sonta Y. рь Leon, PH.D. AGUSTIN P, UMALL B.S, 
CARMEN Lr, INTENGAN, PH.D. GETULIO В, Viapo, PH.D. 
924748 


Vor. 92, No, 4 DECEMBER, 1968 


THE PHILIPPINE 
JOURNAL OF SCIENCE 
Volume 92 


WITH 24 PLATES AND 48 TEXT FIGURES 


MANILA 
BUREAU OF PRINTING 
196 


024748 


NATIONAL SCIENCE DEVELOPMENT BOARD 


Juan S, SALCEDO, JR, M.S., МО. Acting Chairman 
GREGORIO Y, Zara, D.Sc., Acting Vice-Chairman 


MEMBERS OF THE BOARD 


Jose A. FERNANDEZ, M.D. 
Iswro MacasPac, M.A. 
CANUTO G. MANUEL, D.Sc. 


Jose P. MancELo, M.S. 
Frorencio A. MEDINA, M.S. 
Engue T. VIRATA, PH.D. 


ALEJANDRO Roces, М.А. 


THE PHILIPPINE JOURNAL OF SCIENCE 


Published quarterly by the National Institute of Science and Technology 
(Formerly Bureau of Science) Р. О. Box 774, Manila, Philippines 


Canuto G. MANUEL, D.Sc., Editor 
FrAVIANO М. YENKO, A.B. B.S., Associate Editor 
Mauro Garcia, B.S.E., Copy Editor | 


CONTRIBUTING EDITORS 


Agriculture 
ANACLETO B. CORONEL, D.V.M. 
EvENIO E. Cruz, M.S, 
Ricarvo T. Manront, PH.D. 
Droscono L. UMALI, PH. D. 


Anthropology 
ALFREDO Е. EVANGELISTA, M.A. 
Ковевт В. Fox, Рн, D. 
Marcetino №. Macepa, PH.D. 
ARSENIO E. MANUEL, М.А. 


Botany 
DEMETRIO В. MENDOZA, M.S. 
Faustino T. Окшло, PH.D. 
Jose В. VELAscO, PH.D. 
GREGORIO T. VELAsQUEZ, PH.D. 


Chemistry 
1схлою S. SALCEDO, PH.D, 
ALFREDO C. SANTOS, PH.D. 
BIENVENIDO C. SISON, PH.D, 
AUGUSTO Г. TENMATAY, PH.D, 


Food and Nutrition 


BERNARDO ACENA, PH.D. 

Evrronio О. CARRASCO, М. 
Sonta Y. ре LEON, PH.D. 
CARMEN Lr. INTENGAN, PH.D, 


024748 


., PH.D. 


Geology 
Jost B. Barcetona, B.S.G.E. 
Cesar B, InaNez, M.S, 
Mateo Н. Tupas, PH.D, 
ELPIDIO C. Vera, M.S. 


Medicine 
BENJAMIN A. BARRERA, M.D, 
Сохвлро 5. Davrim, M.D. 
‘Trinipap Р. Pgsican, M.D, 
Rocetio N. Retova, M.D. 


Microbiology 
PorENCIANO В. ARAGON, M.D. 
Martin 8. CELINO, M.S. 
MACARIO А. PALO, B.S.A. 
Manto О. SAN JUAN, PH.D., 


Nuclear Science 
PEDRO G, AFABLE B.S.C.E. 
JULIAN BANZON, PH.D. 
Pavto C. Campos, M.D. 
Jose О. JuLIANo, PH.D. 


Zoology 


HERMINIO RABANAL PH.D. 
Leoropo B. їлсилхсо, D.Sc. 


_Acustin F, UMALI, B.S. 


GETULIO B. Viano, PH.D. 


CONTENTS 
No. 1, March, 1963 


Ussued August 9, 1963.) 


Biroset, D. М. ANTONIA Г. GONZALES, and Милевоз P. SANTOS. 
The nature and properties of the emulsifier system of oil 
globules in coconut milk and cream 

GONZALEZ, OLYMPIA N., Jose GARCIA PALAD, and ANITA BRILLANTE. 
Comparative analytical data of some Philippine fruits 

VILLAREAL-SULIT, SUSAN, and GERTRUDES AGUILAR-SANTOS. The 
tertiary alkaloids of Mahonia philippinensis Takeda .. x 

Herre, ALBERT W. C. T. The lichen genus Usnea and its species 
at present known from the Philippines 

Ds LEON, ANTONIO L, Nativipap ЕогЕМЮ, and MAXIMA PINEDA. 
Chemical composition of some Philippine alge 

DEL Rosario, AVELINO. Studies on the biolory of Philippine mos- 
quitoes, П. Observations on the life and behavior of A&des 
albopictus (Skuse) in the laboratory .. 

GLOVER, Е. М. S. J. Preliminary report of the joint Philippine- 
American eclipse expedition to Canton Island, South Pacific 

MARYOTT, ALICE. The nuclear predication in Sangir 


Book REVIEWS 


No. 2, June, 1963 
[issued October 3, 1968.) 


TRINIDAD, Primitivo P., VISITACION А. PATERNO, ADRIANO А. ABDON, 

and Ревесліхо H. QuixiTIO. Microbial load of fresh vegetables 

Briones, PACITA П., ZENADA L, HERNANDEZ, PEREGRINO H. QUINITIO, 

and Vrctorta Q. Арлвазтво. Effect of adding emulsion and 

surfactant to canned cooked rice .... 
Опе text figure. 

Слав, Рызсилл L, GLORA А. АМАСО, ZENAIDA G. Luna, and 
Teresita О. Сазтило. Urinary thiamine cxcretion of some 
adult Filipinos on controlled intakes 

CELINO, M. S. and А. L. MARTINEZ, An apparent interference of 
the Guinobatan arrowroot mosaic virus with the viruses of 
mosaic of abaca, Canna indiea, and arrowroot from Davao. 

Two plates. 

CariNPIN, J. М. Mansur LANDE, and J. У. PAxcHo. Cytogenetics 
of interspecific hybrid between Solanum melongena Linn. and 
8. cumingii Dunal i: 

Two plates and one text figure, 


CapINPIN, J. М. Somatic mutations and their vegetable segregants 


‘Two plates. 
024743 а 


89 


111 
121 


iv The Philippine Journal of Science 


JuLiANO, Jose O., PERICLES Т. MENESES, and CESAR Г. PINEDA. 
Physics calculations for the Philippine Open-Pool Reactor 
PRR-L В. Flux distribution and excess reactivities .. 


Five text figures. 
Авкамѕ, NORMAN. Vowel quantity in Mansaka . 
ALEXANDER, CHARLES P. New or little-known Tipulida from castern 
Asia (Diptera), LI . 
Tour plates. 
СПАРМАМ, Janes W. Some new and interesting Philippine ants 
(Hymenoptera: Formicidze) .. 
Eight text figures. 


No. 3, September, 1963 
[Issued January 26, 1963.1 


ҮАРСШОМССО, Jose V., and Стомл Enriquez. Notes on certain 
aspects in the biology of Therapon plumbeus (Kner)... 
‘Ten text figures. 


BAUTISTA, ALICIA P., ANITA К. Тзвейто, САШАТА С. GERVASIO, and 
Victoria Q. ALABASTRO. The physical and eating qualities of 
lowland rice .. 

Six text figures, 


FLonENTINO, RODOLFO, and PATROCINIO EJERCITO pe Guzman. The 
selection of data for basal metabolic rate standards ... 8 
ADAMSON, Lucas G., SALEI А. AMBA, GEORGE V. CHILINGAR, and 
Cannon M. Beeson, Possible use of electrie current for increas- 
ing volumetric rate of flow of oil and water during primary 
or secondary recovery .. В 
Two plates and two text figures. 


ANZALDO, FELICIDAD E, ERLINDA М. Товватва, and Rocsio N. 
R&LoVA. The use of locally made plastcr of Paris as dental 
- and orthopedie material 
De Leon, Rosero P. The nucleic acid of Ehr 
celis, ЇЇ. Isotope labelling ... 

Seven text figures. 


Yutuc, Lope М. Age resistance of rats, guinea pigs and cats to 
Trypanosoma evansi with a mote on the biometry of the flagel- 
late . De 

LEVITON, ALAN Contribution to a review of Philippine snakes, 
IL The snakes of the genera Liopeltis and Sibynophis ... ase 

ALEXANDER, CHARLES P. New or little-known Tipulidæ from eastern 
Asia (Diptera), LII ... 

Three plates. 


024748 


1968 


291 


307 


319 


367 


883 


93,1 Contents 
No. 4, December, 1963 


Ussued February 15, 1963.] 


MASILUÑGAN, VICTORIA А. Cacia V. KaLiw, and FLEUR DE Lis 
C. MasituXean. Screening of plants from the Makiling area 
for antimicrobial substances . - - . 

GONZALEZ, Lourors T, Jose G. PALAD, and Pacira L. MANIQUIS. 
Loss of ascorbic acid in chemically peeled and eandied santol 
[Sandoricum Koetjape (Burm. £.) Мет] fruit 

JULIANO, Jose O., and CESAR L, PINEDA. А semi-empi 
for the thermal neutron distribution of PRR-I . 

JULIANO, Jose 0., and GLORIA R. Сарсо. Calibration of Cobalt-60 


teletherapy machines using benzene-in-water dosimeters . 
Four text figures. 


cal equation 


BAREZ, Lroxrpss Fror І. Use of ordinary table salt against breed- 
ing of mosquitoes in artificial containers .. - 
GALUTIRA, ERNESTA С. and GREGORIO T. VELASQUEZ. Taxonomy 
distribution and seasonal occurrence of edible marine alga in 
Focos Norte, Philippines . 
Nine plates and one text figure 


Leviton, ALAN E. Contributions to a review of Philippine snakes, 
HI. The genera Matieora and Calliophis ........... 
One text figure 
TEGENGREN, FELIX R. A historical review of gold in the Philippines 
INDEX 


021738 


488 


551 
601 


THE PHILIPPINE 
JOURNAL OF SCIENCE 


Vou. 92 DECEMBER, 1963 No. 4 


SCREENING OF PLANTS FROM THE MAKILING AREA 
FOR ANTIMICROBIAL SUBSTANCES * 


By Victoria А. MASILUNGAN, CECILIA V. KALAW 
and Feur pe Lis С. MasiLURGAN ` 


National Institute of Seicnec and Technology, Manila 


In a previous articles reporting the results of screening of 
367 Philippine higher plants for antibacterial substances Ma- 
silufigan, et al.(1,2) used Micrococcus pyogenes var. aureus 
Zopf. and Escherichia coli (Migula) Castellani and Chalmers as 
test organisms, and in another paper covering a report on 
the investigation of 45 species of plants for antitubercular anti- 
biotics, Masilufigan, et al.(4) used Mycobacterium tuberculosis 
607 as test bacterium, In the present article the authors report 
the results of two years (1958-1960) of work using not only 
the bacteria mentioned above, but also Fusarium moniliforme 
Sheldon as test microorganism. 


MATERIALS AND METHODS 


The leaves of plants used in this study were obtained from 
the campus of the College of Agriculture and College of 
Forestry, Los Вайоз, Laguna Province. The procedure followed 
for collecting and sampling of plant specimens, preparing and 
assaying the aqueous and alcoholic extracts for the presence of 
antimicrobial substances and measuring zones of inhibition of 
test microorganisms was as described by Masilufigan, et al. (2,3) 


RESULTS AND DISCUSSIONS 


Table 1 shows responses of test microorganism М, aureus, Е. 
coli, Р. moniliforme, and M. tuberculosis 607 to the anta- 


* A project of the Medical Research Center, National Institute of 
Science and Technology, assisted by National Science Development Board, 
Projects 2.2, 2.3, and 2.7. 
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TABLE 1—Result of antimicrobial tests *—Continued. 
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TABLE 1,—Results of antimicrobial tests *— Continued. 
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gonistic action of 129 aqueous and 129 aleoholic extracts pre- 
pared from 129 species of plants. Eighty seven out of 129 
plants examined or sixty-seven and four tenth per cent of the 
plants subjected to these tests showed positive evidence of the 
presence of antimicrobial substances of varied potency. 

Alcoholic extracts.—Forty seven exhibited varying degrees 
of inhibition of M. aureus, of which 20 were complete, 3 partial, 
and 24 slight. 

Ten showed varying degrees of inhibition of E. coli, of which 
1 was complete, 3 partial, and 6 slight. 

Five showed varied inhibitory action against FP. moniliforme, 
of which 3 were partial and 2 slight. 

Eighteen of 127 alcoholic extracts possessed inhibitory рхор- 
erties against М. tuberculosis 607, of which 2 were complete, 
2 partial, and 14 slight. 

Aqueous extracts.—Fifty five showed varying degrees of 
inhibition of M. aureus, of which 29 were complete, 10 partíal, 
and 16 slight. 

Sixteen exhibited varied inhibitory properties against E. coli, 
of which 4 were complete, 6 partial, and 6 slight. 

Only five produced varying degrees of inhibition to F. moni- 
liforme, of which 2 were complete, 2 partial, and 1 slight. 

Eleven revealed varying degrees of inhibition to M. tuber- 
culosis 607 of which 1 was partial and 10 slight. 

In the discussion above it is shown that the substances 
inhibitory to M. aureus and Е. coli are more readily extractable 
by water than by alcohol. The antimycobacterial substances 
are more soluble in alcohol than in water. The active principles 
extractable from the leaves either by water or alcohol are more 
inhibitory to M. aureus than to E. coli and F. moniliforme. In 
their previous article Masiluügan, et al.(4) reported that 46.6 
per cent of the alcoholic and 44.4 per cent of the aqueous 
extracts from medicinal plants locally used for the treatment 
of tuberculosis were found positive for substances inhibitory 
to М. tuberculosis 607. In the present screening, only 14.6 per 
cent of the alcoholic and 8.9 per cent of the aqueous extracts 
inhibit M. twbereulosis 607. The high percentage of inhibition 
Shown in the previous paper(4) may indicate that more of these 
plants locally known to possess cure for tubereulosis contain 
the curative principles. 

Both the alcoholic and aqueous extracts of Casalpinia coriaria 
and Canarium asperum fo, villosum produced complete and wide 
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zone of inhibition of M. aureus. The alcoholic extracts of 
Ricinus communis, Nephelium lappaceum, Eucalyptus coryno- 
calyx, and Eucalyptus deglupta and the aqueous extracts of 
Licuala grandis, Mucuna pruriens, Phaseolus lunatus, Psychotria 
luconiensis, and Artemisia vulgaris also showed complete wide 
zone of inhibition to the same organism. Only the alcoholic 
extract of Mallotus philippensis and Eucalyptus corynocalyx 
showed complete broad zone of inhibtion of M. tuberculosis 
607. Aqueous extract of Artocarpus rigida and Brunfelsia 
americana showed complete zone of inhibition to F. moniliforme. 


SUMMARY 


1. Aqueous and alcoholic extracts of one hundred twenty- 
nine species of plants were screened for the presence of sub- 
stances inhibitory to Micrococeus aureus, Escherichia coli, 
Fusarium moniliforine, and Mycobacterium tuberculosis 607. 

2. Of the alcoholic extracts 47 showed varying degrees of 
inhibition of M. aureus, 10 of E. coli, 5 of Е. moniliforme, and 
18 of M. tuberculosis 607. 

3. Fifty five of the aqueous extracts exhibited varying degrees 
of inhibition to M. aureus, 16 to E. coli, 5 to F. moniliforme, 
and 11 to M. tuberculosis 607, 

4. Species having marked antagonistic effect on M. aureus 
are Licuala grandis, Cxsalpinia coriaria, Mucuna pruriens, Ca- 
narium asperum. fo. villosum, Phaseolus lunatus, Ricinus com- 
munis, Nephelium lappaceum, Eucalyptus corynocalyx Eucalyp- 
tus deglupta, Psychotria luconiensis, and Artemisia vulgaris. 

5. Mallotus philippensis and Eucalyptus corynocalyx possess 
active principles which are strongly antagonistic to M. tuber- 
culosis 607. 

6. Artocarpus rigida and Brunfelsia americana contain potent 
antifungal substances which have remarkable inhibitory effect 
on Р. moniliforme. 
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LOSS OF ASCORBIC ACID IN CHEMICALLY PEELED 
AND CANDIED SANTOL [SANDORICUM KOETJAPE 
(BURM. F.) MERR.] FRUIT 


By Lourpes T. GONZALEZ, Jose G. PALAD 
and PACITA L. MANIQUIS 


National Institute of Science and Technology, Manila 


A previous study-by Soliven, et al.(8) had shown that santol 
fruit could be peeled chemically with 5 per cent sodium 
hydroxide solution for the purpose of making santol preserves 
and candied products. But Lamb, et al,(6) in a study on the 
retention of nutrients during the commercial production of 
various canned fruits and vegetables, had shown the loss of 
ascorbic acid in lye-peeled Clingstone peaches. Questions have, 
therefore, been raised as to the amount of the loss or retention 
of the nutrients, particularly ascorbie acid, in the chemically 
peeled santol. 

In this investigation the purpose of the authors is to deter- 
mine the extent of loss of ascorbic acid during the chemical- 
peeling and candying processes of the fruit. 


EXPERIMENTAL PROCEDURE 


Santol fruits were purchased from the local market. Mature, 
fresh fruits with thick rind, free from blemishes, were chosen 
and washed with tap water. Twenty-five fruits were used for 
alltrials. The fruits were blanched in 2 liters of boiling water 
for 8 minutes. The blanched fruits were immersed in a 5 per 
cent sodium hydroxide solution for 5 minutes at 93.5°C and 
then placed immediately under cold running water with which 
they were washed thoroughly, and the skin seraped off with a 
stainless steel spatula. 

The peeled fruits were quartered, pitted, washed three times 
in about 2 liters of water and then soaked in a solution eon- 
taining 0.05 per cent potassium metabisulfite and 0.2 per 
cent caleium chloride for 2 hours. Stainless steel knives, 
kettles, and glass bowls were used. The fruits were drained, 
placed in a muslin bag and immersed in boiling water for 2 
minutes, then dried under infrared lamps for 80 minutes nt 
"09 o Duz MEI l nie. 
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The partially dried fruits were then syrup-treated. Two 
types of syrup treatment were made: (а) The fruits and 50° 
Brix syrup were cooked together to boiling, and temperature 
was maintained at 98.5? to 102°C for 30 minutes. The syrup 
was drained off, adjusted to 60° Brix, heated to boiling and 
then poured into the fruits. This mixture was allowed to 
stand overnight in wide-mouthed glass jars tightly covered with 
brown paper. This procedure was repeated four times before 
drying. (5) Hot syrup was added to the chemically peeled 
fruits and successive soakings in 60° Brix syrup were done as 
in (a). Two trial runs for each syrup treatment (a) and (b) 
were made. 

Slurries were prepared from the fruit purchased from the 
market for vitamin C analysis of the fresh fruit. This sample 
was peeled with a stainless steel knife. The succeeding samples 
used for ascorbic acid analysis were drawn at different intervals 
from the various stages of the chemical-peeling and candying 
processes, ie, the first sample was representative of the 
chemically peeled fruits; the second sample was taken after 
the peeled fruits were soaked in 0.05 per cent potassium meta- 
bisulfite and 0.2 per cent calcium chloride for one hour; the 
third sample was from a two-hour soaking in 0.05 per cent 
potassium metabisulfite and 0.2 per cent calcium chloride 
solution; and the fourth sample was taken after one day of 
syrup treatment. 

Sampling was done by slicing off a piece from the quartered 
fruits taken at random. Proximate and mineral analyses were 
also done on the chemically peeled and the candied santol. 

In all instances, samples for ascorbic-acid analysis were pre- 
pared by blending 25 grams of the fruit with 100 ml of 1 
per cent oxalic acid in a Waring blendor and filtering the puree 
through coarse filter paper. The filtrate was then assayed 
by the Bolin and Book modification of the Roe and Osterling 
colorimetric method.(2) Proximate and calcium analyses were 
determined by the AOAC method ;(1) phosphorus, by Lowry and 
Lopez’ modification of the Fiske and Subbarow method ; (7) 
and iron, by the Hahn method.(3) 


RESULTS AND DISCUSSION 


Table 1 shows the 1053 of ascorbic acid in the chemically 
peeled and candied santol. The loss was found to occur during 
chemical-peeling and during the time between chemical-peeling 


Tanie 1—Loss of ascorbic acid in chemically peeled and candied santol fruit. 


Ascorbic acid content and рст cent loss 


Treatment of amples Trial 1 Trial 2 ‘Trial 3 Trial 4 


|ма/100 gms |Рсг сері loss |Mg/100 gms |Per cent loss [82/160 gms [Per cent toss |М/100 wms [Der cent toss 


Fresh fruit (edible portion) 
After chemical-peelin; 
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10.00 0.00 


ЕУ 


072403) 


YQ Up? 


motui 


qma 1оўию$ payed fiy 


357 


484 The Philippine Journal of Science 1968 


and syruping. The greatest loss occurred during the chemical- 
peeling process. Leachings caused by repeated washings after 
the chemical treatment, vitamin C oxidation due to contact 
with iron, and exposure te air account for the great loss of 
ascorbic acid. 


There was no definite pattern in the decrease of ascorbic-acid 
content, although, a downward trend was evident. All the trials 
showed complete loss of ascorbic acid after the first day of 
syrup treatment. The varying percentage loss of ascorbic 
acid observed in the different trials could possibly be due 
to sampling since obtaining a representative sample was rather 
difficult. Holman(4) states that the problem of satisfactory 
sampling is usually encountered in fruits and vegetables since 
the size of the sample taken is small when compared with 
that of the whole tissue being examined. He also reports 
that when oranges were cut longitudinally into quarters and 
the quarters analyzed separately, there were differences in 
ascorbic-acid concentration in both peel and juice between one 
quarter and another. 


The results of the proximate and mineral analyses are shown 
in Tabie 2. Although the values obtained for the candied fruit 
are lower than those obtained for the chemically peeled sample, 
the retention of nutrients in the end-product is evident. 


TsBLE 2.—Prorimate composition and mineral contents of chemically 
peeled and cundicd santol fruit. (Values per 100-gram edible portion, 
moisture-free basis.) 


Chemically peeled 


Nutrient Candied fruit * 


grams 


Tron, 


* Moisture content, 
** Moisture content, 7. 


grams 


Decreases in mineral content may have occurred during the 
different stages of processing of the candied fruit. Kramer 
and Smith(5) report that the ash and phosphorus contents of 
vegetables generally decrease during processing. Decrease in 
moisture content is due to drying. 
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SUMMARY AND CONCLUSION 


Santol [Sendorieum koetjape (Burm. f.) Merr.] fruits were 
peeled by immersing them in a 5 per cent sodium hydroxide 
solution at 93.5°C for 5 minutes. The peeled fruits were 
syrup-treated and then dried. The fresh fruits were analyzed 
for vitamin C content. Other samples used for vitamin C 
analyses were drawn at different intervals from the various 
stages of the chemical-peeling and candying processes. Proxi- 
mate and mineral analyses of the chemically peeled and candied 
santol fruits were made. The study showed complete loss of 
ascorbic acid after soaking for a day in syrup with or without 
the application of heat. However, other nutrients, like calcium, 
phosphorus and iron, were still present in the finished product. 

The investigation showed a complete disappearance of ascor- 
bic acid in the candied santol fruits. However, other nutrients 
like calcium, phosphorus and iron may still be derived from 
it, aside from its being a good source of energy. 

In view of the above results, future studies of candied 
santol fruits will be made with particular emphasis on the 
development of a process which would minimize the loss of 
these nutrients in the said products and would fortify the 
same with ascorbic acid. 
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A SEMI-EMPIRICAL EQUATION FOR THE THERMAL 
NEUTRON DISTRIBUTION OF PRR-I 


By Jose 0, Juniano and Cesar І. PINEDA 
Philippine-Aiomie Energy Commission, Marilu 


TWO TEXT FIGURES 


A readily available and workable equation for the energy 
distribution of thermalized neutrons in the core of PRR-I is 
very useful for many types of calculations specially when digital 
machine calculators are lacking. As a first approximation, a 
hardened Maxwellian distribution has been used; however, 
better results can be obtained if a corrected Maxwellian ‘distri- 
bution is available. In this report, the SOFOCATE energy 
distribution for a Wigner-Wilkins model of neutron slowing- 
down process was assumed to represent the true neutron dis- 
tribution in PRR-I and a semi-empirical equation was fitted to 
this distribution." 


PROCEDURE 
A hardened Maxwellian equation of the form 


N(E) мах" = CNE exp. (-Е/Ет) (D 
where N(E) = number of neutrons with energies E to (E + dE) 
per unit volume 
Ет = the most probable neutron energy 
0.0309 ev 
arbitrary constant needed to make N (Eq) Maxwellian 
equal to N(Er) SOFOCATE 


М == total number of neutrons in the cove fulfilling à 
Maxvellian distribution 


was used as a first approximation. The differences between 
the SOFOCATE values of the neutron, density N(E)sor and 
the values of N(E)saxwution computed from equation (1) 
were calculated at energies from 0.00015 to 0.625 ev, the thermal 
group range. Here 0.00015 ev can. be considered almost 
equal to zero. These differences were plotted against their 
corresponding energies as shown in Fig. 1. Jt is seen that 


‘Juliano, J..O., Philip. Jour. Sei. 91 (1962) 381-392. 
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Fic. 1. ‘SOFOCATE’—pure Maxwellian neutron distribution differences. 


these correction values can be grouped into three regions, 
namely: 


Group number Energy range Туре of correction 
Group І 0.00015 — 0.016 ev parabolic curve 
H 0016 —0.15 ev straight line 
ш 015 — 0.625 ev exponential сотуе 


The fitted neutron distribution therefore becomes 
NCE) = N(E) maxwetin + МЕ) соон 


pU (2) 
where N(E) „ы = — (818 — 29 \/6958E — 1) x 10-5 = С, 


for 0.00015 < E < 0.016 ev 


МСЕ) correction = 0.00861E — 0.00021 
for 016 ЗЕ 15 ev 


с. 


N(E) conection = 0.00175 exp (— 370E) = Cs 
for 0.15 ev & E < 0.625 ev 


A comparison between the SOFOCATE neutron-density 
values and those obtained from eq. (2) showed negligible 
differences. These are given in Table 1 below and in Fig. 2. 
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TABLE L—Comperison between the “ЗОРОСАТЕ” and calculated neutron 


distributions. 
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Fig. 2. Thermal neutron distribution in PRR-I core. 
RESULTS 

The accuracy and closeness of the fit was tested by com- 
paring the IBM effective cross section results as given by 
the SOFOCATE code with the hand-calculated effective cross 
section using equation (2). The specific cross section used 
was that of a 1/7 absorber whose cross section was assumed to 
be unity at 2200 m/sec and whose IBM effective thermal-group 
cross section was 0.6638 barns.2 
Ibid. 
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From equation (2) the effective cross section in the thermal 
energy range is 


0.625 ev 0.625 
Jo e (Е) В (x) So 1(Е) a£ 
—— g YE ari T 
0.62: о. 1 
fo 7 Я (Е) а= So (к) Е on 
0.625 0.018 сар + 


= YE, (fo 0.3902 Е 1/2 3732-3658 az a So.o0015 1 


0.625 ev 9.016 


o 0.5902 Ec 22*2638 ag + "0.00015 


= 0.6696 barns. 


The percentage difference between the SOFOCATE value of 
0.6638 barns and the calculated value for this report of 0.6696 
barns is only 0.87 per cent. 

The average speed v of the neutrons in the thermal group 
was calculated from 


5g 
fo u(y) v av 


= 3.286 x 10? си/зес. 


у) av 


where v, is the speed of neutrons at 0.625 су = 8.625 X 10° 
em/sec. 


CONCLUSION 


The nenutron-distribution function for the thermal group as 
presented in this report when used in the PRR-I core physics 
caleulations should give results comparable in accuracy to 
digital ealeulating machine values. 


CALIBRATION OF COBALT-60 TELETHERAPY 
MACHINES USING BENZENE-IN-WATER 
DOSIMETERS 


By Jose О. JULIANO and биома В. Carco 
Philippine Atomic. Energy Commission, Manila 


YOUR TEXT FIGURES 


Recent developments have indicated the growing importance 
of Co-60 teletherapy machines as a medical tool in the Phil- 
ippines. In this connection an efficient, simple, reliable and 
inexpensive method of radiation measurement is warranted 
to safeguard the public and to give the radiotherapists precise 
values for the dose rates of their Co-60 gamma sources. 
Recently, interest in the use of benzene-in-water dosimetry has 
been revived with the studies of Johnson and Martin. This 
method is based on the production of phenol and other 
products when an aqueous solution of benzene is irradiated 
by gamma rays. Unlike the ferrous-sulfate dosimeter the 
benzene-in-water gamma dosimeter gives consistent results 
even when impure reagents and other ions are present in 
the solution. Furthermore, the latter is less corrosive and 
is stable for long times both before and after i iation, 
Hence, these benzene-in-water dosimeters can be contained in 
plastic containers and sent to distant Co-60 teletherapy units 
by parcel post for irradiation and analyzed for phenol yield 
at a convenient laboratory to obtain the dose rate. It is for 
this purpose that this work was undertaken. 


PROCEDURE 

Reagent grade benzene was mixed with triple-distilled water 
until a saturated solution of benzene in water was obtained 
(0.021 M benzene). The stock solution was kept saturated 
by allowing a layer of benzene to remain over {һе solution in 
storage at room temperature. Fifteen ml portions of the 
aqueous layer were carefully transferred by a pipette in glass 
ampoules and sealed. 

The samples were irradiated at the North General Hospital 
and St. Luke's Hospital Co-60 teletherapy units? using a 

1 Nucleonics (1) 20 (1962) 83, 

*The Co-60 teletherapy units used weve Shimadzu, 1990 curies (Sep- 
tomber, 1958) and Keleket-Barnes, 1500 curies (August, 1959) of North 
General Hospital and St. Luke’s Hospital, respectively. 
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16 X 16 em opening. The output of the sources were measured 
фу a Victoreen rate meter recently standardized by the National 
Bureau of Standards of Washington, D.C., U.S.A. 


The phenol yield was determined by using the difference in 
the absorptions of neutral and alkaline phenol solutions at 
290 ma? This method minimizes interferences due to those 
products of irradiation which have no appreciable difference in 
UV absorption spectra of neutral and alkaline solutions. The 
alkaline samples were prepared by adding 5 ml of 0.06 N 
NaOH to 5 ml of the irradiated solution while the neutral 
samples were prepared by diluting the irradiated solution 
with an equal volume of distilled water. Figs. 1, 2, and 3 show 
the absorption curves of neutral and alkaline solutions of 
phenol in benzene and water, unirradiated benzene in water, 
and irradiated benzene in water solutions, respectively, in the 
region 210 to 340 ш. 
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Тс. 1а. Absorption curve of Fic. 1b. Absorption curve of 
neutral phenol and benzene- alkaline phenol and benzene- 
water solution. water solution. 


Ten minutes after the addition of NaOH the optical density 
of the alkaline sample, D,, was measured at 290 my using 
distilled water as a reference. Similarly, the optical densities 


* Jour. Chem, Phys. 20 (1952) 1817. 
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of the neutral sample, D, the alkaline blank solution, Dy, and 
the neutral blank solution, D,,, were obtained using the same 
l-em cell; and the phenol concentration was calculated from 
P = fk (Da — Dg) — (Dan — Dap) 

Where P phenol concentration in micromole/liter 
dilution factor (= 2 in this report) 
phenol calibration constant = 10'/Ep' 
path length of cell (= 1 em in this report) 


molar extinction coefficient 
= 2520 = 1010 liters/mole em of phenol 


i RESULTS AND DISCUSSIONS i 

The first objective of this investigation was to determine 
the linearity of phenol yield with respect to the amount of 
С0-60 gamma rays emanating from; а teletherapy machine to 
which the benzene-water dosimeter is exposed. The results 
are shown in Fig. 4: which proves the linear funetion of phenol 
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Wie. 1, Phenol yield versus total Co-60 gramma dose 
in benzeue-water solutions. 
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yield up to 70,000 тоепїдепз and at the various dose rates 
given; namely, 90.9, 54.5, and 39.0 roentgens per minute. The 
experimental values obtained are given below in Table 1. 


тарык L—Phenol yields of benzenerwoter solutions irradiated 
with Cobalt-60 датта rays. 


Distance - хро Phenol 

a [om [e [owe 
17 ~ П ~ 

NE" — "n 

North General Hospital -| 70.4 | | di. 

| H n 
Н 

ME. | 
j” 

North General Hospilai 58.4 4 | ALAT 
I 8 60.53 
| ü EE 

IH E 
A 199.10 
| a 186:08 

St, Luke's Hospital. ----| 45.5 90.9 | | 
| | 
1 | 


The second objective was to find any recovery effect of the 
benzene-water dosimeter; results have shown the phenol con- 
centration to be independent of time. 

An attempt to calculate the exact curie strength of the 
Co-60 sources based on the dosage results was made but no 
aceurate values were obtained. This may be due to the 
scattering effects of the lead collinators on the benzene-water 
solution which were located close to the machine. 

In conelusion, it has been found that Co-60 teletherapy 
machine gamma-radiation dosages can be determined within 
reasonable accuracy using benzene-in-water dosimeters. 
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USE OF ORDINARY TABLE SALT AGAINST BREEDING 
OF MOSQUITOES IN ARTIFICIAL CONTAINERS * 


By Leonipes Fior Г. BAÑEZ 


Division of Malaria, Bureau of Disease Control 
Department of Health, Manila. 


SEVEN TEXT FIGURES 


The earliest published study on the effects of salt concentra- 
tions and sea water on Ades xyypti larve seems to be that 
of MacFie (1914), who reported: 


9.5 per cent salt 2000... little effect. 

2.0 per cent salt .... many died in 6 hours; al! died in 
12 hours. 

Jarve rapidly killed. 


2.3 per cent salt А 
In another study (1922), using sea water, he concluded: 


In pure sea water (about 3.2 per cent salt)—larve killed in 2 
to 4 hours. 

In 50 per cent sea water (that is, about 1.6 per cent salt)—larva 
killed in 24 hours. 


Wigglesworth (1933) was the next to study the effects of 
salt on the larve of xgypti. His results were: 
. larve not affected. 
. larve died in about one week. 


. larvæ died in about 72 hours. 
. larvae died in about 48 hours. 


0.9 per cent salt or less 

1.0 per cent salt .. 

1.3 per cent salt 

14 per cent salt 

Pentazis (1935), working in Greece, summarized his obser- 
vations, thus: 


. optimum salinity. 
development of larve prevented. 


0.5 to 1.0 salt per mille . 
5.0 salt per ше 
Bates (1939) used salt solution not as a larvicide but merely 
to measure the degree of tolerance of larvze to various grades 
of salinity of the water. He claimed the tests were useful in ' 
determining the different subspecies of Anopheles maculipeu- 
nis complex in Europe; they differed in salinity tolerance. 


* Conducted at the Institute of Malaviology, Tala, Caleoran City. 
Part of earlier data submitted for graduation at Araneta Universily 
included with due permission of the university authorities, 
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King and Del Rosario (1938), working in the salt ponds of 
Las Piñas, Rizal Province, Philippine Islands, discussed the 
salinity limit in which the salt-water-breeding Anopheles (Cel- 
lia) litoralis King, 1932, could survive. They found litoralis 
larvz in the ponds having 8.8 per cent salt content, but above 
that concentration breeding ceased. Hence, this mosquito, 
which breeds by the millions all around Manila Bay and all 
around the coastal area in the Philippines, gradually disappears 
during the height of the dry season when evaporation increases 
water salinity, as well as during very rainy days when 
salinity becomes very low. This is easily observed in fish 
ponds and salt beds near Manila. 

Some fresh-water breeding mosquitoes also breed more or 
less successfully in saline waters. This is true in the Phil. 
lippines as in other parts of the world. Among the local 
mosquitoes that have evidently become primarily or exclusively 
salt-water breeders are Anopheles (Myzorhynchus) gateri 
Baisas, 1936; Anopheles (Myzorhynchus) samarensis Rozeboom, 
1951; Anopheles (Cellia) litoralis King, 1932; and Culex 
(Culex) salinus Baisas, 1938, 

The unpublished work of Calingo and Corcega (1938) showed 
that in the laboratory Anopheles litoralis could breed with 
equal suecess in fresh and salt water. Calingo worked in 
the laboratory at Tala; whereas Corcega condueted his obser- 
vations in a private house at Malabon, Rizal, right at the edge 
of litoralis-breeding grounds. They carried parallel series of 
laboratory breeding. In one they used salt water taken from 
Malabou fish ponds; in another, fresh water from a running 
stream. Actually, however, litoralis larvæ are very seldom 
found in fresh-water pools and other bodies of water close to 
salt-water coasts. Litoralis adults are long-distance fliers. 
They are frequently caught during the dry season in mosquito 
traps at Tala and elsewhere. including localities in Mindanao 
some 20 kilometers or more away (in a straight line) from the 
nearest salt-water-breeding places. Repeated and thorough 
searches for breeding of litoralis in Tala were all negative. 


EXPERIMENTAL PROCEDURES 


The specimens of Aédes xgypti and Aédes albopictus used 
in the tests were from («) their natural-breeding waters in 
the field, (5) colonies which had been maintained for several 
generations in the insectaries of the Institute of Malariology, 
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and (c) caught wild, gravid females. The gravid females 
were isolated individually in separate smail lantern chimneys 
and allowed to lay eggs. The eggs hatched equally well when 
placed directly in breeding trays without maturation or when 
given 3-day maturation period before they were put in trays. 
Parallel tests of full-grown larvz from the three foregoing 
sources were conducted. The results indicated hardly any 
difference among them. 

Ten larvz were found most convenient to use in each kind 
of glass jar used in the tesis. 

Preparatory to the tests, the glasswares (40 or more glass 
jars, graduated cylinders, graduated pipettes, glass rods, etc.) 
were thoroughly cleaned, oven-dried and then kept in a clean, 
covered cardboard box. Ordinary medicine droppers, etc., were 
also readied. 

In the tests for either wgypti or albopictus, only nine jars 
were used in each test: one jar for conírol, four jars for tests 
using pure salt, and four jars for unpurified Las Pifias salt. 
These were in concentrations of 3, 5, 7, and 10 per cent. 

Hourly observations were carried during office hours. Then 
final checking was done the next day after 24 hours’ exposure- 

Table 1 and the corresponding graph (Fig. 1) show that 
all third- and fourth-instar larve of zgypti were killed within 
6 hours at 5 per cent, within 3 hours at 7 per cent, and in the 
first hour at 10 per cent. 

Mortality was noted in the very first hour of exposure to 
the following salt concentration: 4 per cent mortality at 3 per 
cent concentration; 28, at 5 per ceni; 75, at 7 per cent; and 
99.8, at 10 per cent. 

Survivals by pupation were present in all these concentrations; 
but the рирге from 7 per cent and 10 per cent salt concentrations 
did not emerge into adults- (They were not removed from their 
respective salt concentrations until they either died or emerged 
into adults.) Hastening of pupation is said to be a natural 
reaction of insects to adverse conditions. 

Susceptibility tests in salt concentrations made for the 
larva of albopictus followed rigidiy the same procedure and 
hourly observations as those made for xgypti Јагут. The 
results of these tests are shown in Table 2 and the corres- 
ponding graph (Fig. 2). 

The results for albopictus differed little from those of agypti. 
More pupation at 3 per cent concentration occurred in albopictus 
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Tante 1—Results obtained for А. egypti at the Institute of Mulartology 


i-hour Z-hour 3-hour 
tration | tested | ste] ды | Ане] Total doad | ative] Total dead 
Per cent Nusber| Per Aider] Ре | Number | Per 
cent cont cent 
20 | 105 sa) mie] ою | ero 
3 Bol а 277| os 28 | Sa | 91:0 
3 320 | tor їп} $8. 2| iios 
26 120) =i 


TABLE 2.—Resulis obtained for A. albopictus at the Institute of Malariology 


j 


1-hour 2-hour S-haur 
Seht | Number of exposure | exposure exposure 
concen: he i Е Еа 
tration deed | ative} Total dead Alive "Total dead Alive Total dead 
Per cent Number] Per Минье | Per Number | Per 
eent rent eent 
* 
з 400 aa| 21967 | 233 | 58.0 
1 400] 294 235| 64] 21) 376 | 39.7 
7 400 E: 385 96 1 389 | 97.7 
19 400 | 16 300 | 100 
L0] 


Мотя; Each asterisk * represents one pupation. This is added do subsequent pupa- 
tions and carried to the end of the 2i-hour observations. 
Now: Al control Iuse were alive at the end of 21-hour observations. 


than in xgypti; but this might have been due to the actual 
ages of the specimens tested or to the fact that some larve 
developed faster than others. One larva of albopictus, like 
one larva of zgypti, lived through 4 hours’ exposure in 5 per 
cent concentration. At per cent concentration no zgypti larva 
lived beyond 3 hours’ exposure (except those that had 
pupated), while one albopictus larva survived 3 hours’ exposure 
and succumbed only in the 4th hour. No pupation occurred in 
albopictus at 10 per cent concentration, but 10 larve survived 
through the first hour of exposure and died only in the second 
hour. On the other hand, one ægypti pupated; all others díed 
in the first hour of exposure in 10 per cent salt concentration. 

The axil breeders. —Of more than 20 species of mosquitoes 
that breed in axils of various plants, only Aédes (Finlaya) 
peeilus (Theobald) 1908, as far as known at present, is of 
public health concern by virtue of its being the most numerous 
among axil brecders. It bites man readily and has consequently, 
become the main transmitter of filariasis, specially in the Bicol 
Provinces. It breeds in axils of several plants; but it thrives 
best in axils of араса (Musa textilis) and bananas, specially the 
“зара” (Musa sapientum compressa). 


The species identified after the tests are shown in Table 3. 
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and those in Araneta University combined. (For graph, see Fig. 1.) 
- = 
4-hour Sshour 6-hour 
exposure exposure exposure Мом day 
Alive Totat dead | Alive] Totaldead | Ative Total dead | АНус | Total dead 
Nunher| Per Мише | Per Number} Per Per | Number | Per 
иш zent сеш | cent cent 
wal 338 | 80,0 | # 46 374 | 89,0 +3 ат 99 
ЫЕ! 417 | 99.9 | #2 418 | 99,9 


and those in Araneta University combined. (For graph, see Fig. 2.) 
| П 
ош hour С i e 
exposure exposure exposure Next day 
Alive | Total dead | Alive] ‘Totaidend | ative] Totaldead | Ative | Total dead 
Number| Per Nuntber | Per Number | Per mier] Per 
cent cent cont cent 
әз эме m a 
жето чә | оа] 92 sera] asof ox [oer | aos f 98 
1 меч] 408 | 100 


Tables 4 and 4a and the corresponding graphs (Fig. 8) 
show that the first- and second-instar larvae survived longer 
exposures than the corresponding third- and fourth-instar 
larve. This was generally true in ali species tested. 

The larve of sorsogonensis sp. nov. were comparatively more 
resistant to salt concentrations than those of other axil-breeding 
species. This new species prefers to breed in axils of "ban- 
koang" (Pandanus sp.). 

For some unknown reasons, salt concentrations with tap 
water as diluent kill the axil-breeding larve more slowly than 
the same concentrations with axil water as diluent. 


TaBLE 3—Identification and classification. of mosquito instars. 
i Control instars ‘Treated instars 
Species т 
ie | га | за | иһ [Теш ане | 2na | ara | ath | том 
Aedes (Pinlaya) ресі А » n 
Тиз (Theobald), 1903} 13 38 62 51 204 36 E 58 179 
2. Aedes (Finaga) ana: 
"or (Kaighi an 5 
Laffoon), 1946... 13 17 30 85 145 18 26 
a. Agiles ота HE 
Ттолердада (Шуа А 
and Shannon), 199; 1 3 з T 14 6 
4. Aedes (Finlaya) Да a К 
мине {Giles}, 1904 1 2 a a 1 1 
5. Malaya genurostrie, А s 
aA ud 1908 . a 3 ЕА 4 15 
. Aedes (Pintaya) sorso. К 
помета an, nov m| ge] om 
Am fiere Ва al e| n 
Total 


ё 
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Fig. 1. Results obtained for ægypti at the Institute of Malariology and 
those in Araneta University combined, 


1 2 з 4 
Number of hours, 
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Per cent mortality 


Number of hours, 


Fic. 2. Results obtained for aibopiteus at the Institute of Malariology 
and those in Arancta University combined. 


024718—3 
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TABLE 4.—Results of exposing lurve of axil-breeding mosquitoes to 5 per 


1-hour hour 3-hour 
Salt | Number of exposure exposure exposure 
toneen- | larve 
eon | tested | tive | Total dead | ative) Totaldead | Alive | Total dead 
Number] Per | Nunber! Per 1 Name] Per 
icm] | cent cent 
Form: | BANANAS i Н 
Paw 50 | 16 gs 
Raw. E] А 2s 3o 
R+ lap 10 10 |. 
Total... 100 ы 
PANDAN, 7 
Рат. 15 
Ва. 15 
Pitw. 15 
REW. 15 
Total... E 
ABACA 
Paw 1 
Raw 1 
Pitw 1 
RU i 
тош... 5 
BIGA 
ра. 15 15 
Ri aw, 15 15 
Pit 15 H 
ВЕ», 15 E 
Total... во 55 


Тарі 4а,—Кевийв of exposing larvæ of awil-brecding mosquitoes to 10 


1 
» H Lhour 2-hour hour 
Salt | Number of | exposure expoaure exposure 

coneen- | larvae 

tration | темей 


Alive Total dead | Alive! Total dead 


Number Number| Per 


cent 
25] Тор 

e| 60 
100 
100 


BANANAS. 
26 | 10 


RIGA 


sof 23 


ABDREVIATIONS use: Р, pure salt: R, yaw salt: ‚ ах water: t w 
Nore: All control larvæ were alive at the end of Zi-hour observations 
= The tests were performed at the Institute of Malatiolezy. 
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salt concentration." (For graphs, sce Fig. 2.) 
4-hour S-hour i -hour 
exposure exposure Н exposure Next day 
Alive | "Total dead Total dead | Alive} Тоба! дай | Alive| то dead 
Number | Рег Number | Per Number Number 
E cent 
10 40 80 10 40: 80 1 43 50 
7 БЫ $8 13 27 68 10 80 35 
6 10 
98 
10 67 
10 67 
15| 100 
151 100 
50 83 
25| 10 
z| H 
15| 100 
18] 100 
47 78 
15} 100 
6 40 
15| 100 
15| i06 
a| 55 
per cent salt concentrations (For graph, see Fig. 8.) 
4-bour hour ; боинг Next day 


exposure exposure exposure 


Alive | Totaldead | Ativef Totaldead | АНче |  Totaldead | Alive! otal dead 


Number | Per Number | Per Number| Per Number | Per 
cent tent сөн 
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Par cont mortalit 


5 Бай concentration 


Breeders from | 


Number of hours. 


Fic. 8. (Superimposed). Results of exposing larve of axil-breeding 
mosquitoes to 5 and 10 рег cent salt concentrations. 
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Breeders in fresh-water collections on the ground—Collec- 
tions of fresh water on the ground may be classified according 
to the species of mosquitoes that prefer to breed in them. 
The classification, however, cannot be absolute since over- 
lapping breeding preferences occur, and some species have 
wider adaptations to various types of breeding waters than 
others. Perpetuation of any mosquito species in nature 
largely depends upon its success to breed in different types 
of waters. Culex pipiens quinquefasciatus, better known in 
the Philippines as Culex fatigans, thrives best in very highly 
polluted waters where no other mosquito species can breed; 
though lightly, in cleaner waters. On the other hand, Axophe- 
les flavirostris, the primary vector of malaria in the Philippines, 
breeds best in small, flowing streams, although it may be found 
in other places. However, it cannot breed in foul waters, 
which suit fatigans best. 


The larve used in the tests came from three sources: 
(a) Streams; namely, Alat River, Bugos and Malamig Creeks, 
which are all in Tala and the immediate vicinity. These are 
all with permanently running water. (b) Rice paddies, at the 
time rice plants were only about a foot high. The mosquito 
fauna in rice paddies varies somewhat according to whether 
the paddies are planted with rice or not, whether the plants 
are tall or young, etc. When already very thick, the rice plants 
prevent or reduce mosquito breeding. When not planted but 
watéred, other species of mosquitoes breed in them. At the 
time of the experiment, the rice paddies in the Araneta Uni- 
versity compound were highly polluted, as indicated by the 
fairly heavy breeding of quinquefasciatus in them; whereas 
those in Tala were cleaner and had species that prefer to 
breed in cleaner waters. (c) Ponds: Portions of the pond 
in the Araneta University compound directly affected by 
the slight fiow of water from a canal had cleaner water 
than the stagnated highly polluted parts. In consequence, 
species preferring cleaner waters were found in the cleaner 
parts: whereas quinquefasciatus was quite numerous in the 
polluted portions. The specimens from ponds used in the 
experiments were mostly quinquefasciatus. 


(a) Stream breeders.—Two thousand eight hundred larve, 
representing 17 stream-breeding anopheline and culicine mos- 
quitoes were tested. For control 450 larve of the same 
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species were used. As in other tests, only the full-grown агу 
were selected. Their distribution was as follows: 


Control Tested 


`1. Anopheles (Anopheles) barbirosiris Van der Wulp, 


1884 0 5 
2. Anopheles (Anopheles) manalangi Mendoza, 1946 3 59 
3. Anopheles (Anopheles) peditaniatus (Leicester), 1908 — 4 15 
4. Anopheles (Cellia) annularis Van der Wulp, 1884 2 142 
5. Anopheles (Cellia) filipine Manalang, 1930 .. 81 1% 
6. Anopheles (Cellia) maculatus Theobald, 1901 и. 0 2 
T. Anopheles (Cellia) minimus flavirostris (Ludlow), 1914 170 1259 
`8. Anopheles (Сеа) philippinensis Ludlow, 1902 8 6 


9, Anopheles (Cellia) vagus limosus King, 1932 58 41 
10. Culex (Culex) annulus Theobald, 1901 .... тї 114 
11, Culex (Culex) bitentorhynchus Giles 1901 15 60 
12. Culex (Cules) fuscocephalus Theobald, 1907 35 100 
13. Culex (Culex) incognitus Baisas, 1938 м 98 


34. Culex (Culex) triteniorhynehus summorosus Dyar, 1920 84 182 


15. Culex (Culex) fuscanus Wiedemann, 1820 .... 4 20 
16. Ficolbin (Mimomyia) chamberlaini Ludlow, 1904 - 9 2 
17. Uranotenia atra Theobald, 1905 . 6 50 

Total .. 450 2,800 


The results of the tests are shown in Table 5 and its. corres- 
ponding graph (Fig. 4). 

Compared with those that breed in artificial containers and 
axils of plants, the stream breeders were evidently a little 
more susceptible to salt concentrations. None of the stream 
breeders survived after six hours’ exposure to salt at 3 per cent 
concentration. In 5 per cent, only one was still alive after 
four hours’ exposure, but this also died during the fifth hour. 
Only 15 or 1.875 per cent survived two hours of exposure in 
T per cent salt, but they all succumbed during the third hour. 
Twenty-eight larve, or 7 per cent, survived an hour’s exposure 
in 10 per cent solution, but were killed in the second hour. 
Those that survived longest in each concentration were the 
large species; namely, Anopheles barbirostris, Anopheles mana- 
langi, Anopheles peditzniotus, Culex biteniorhynchus, and 
Culex fuscanus. The largest of these, fuscanus, generally 
survived longest. Ten of them were tested together in 10 per 
cent salt concentration. They all lived through the first hour, 
but died in the second. ` 
During these tests 7 pupations occurred among those used ag 
control All became normal adults and were subsequently 
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Number of hours. 
Fig, 4. Results of exposing larvz of stream-breeding mosquitoes to 3, 
5, 7, and 10 per cent salt concentrations. 
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TABLE 5.—Results of exposing larva of stream-brecding mosquitoes to 2, 


| 

l-hor 2-hour -hour 

Number of Кесә exposure expesure | 
туш | 
tested | 


| aive] Total dead | ative | ‘Total dead | Ative| ‘otal dead 
i 


| Number | Per Hans | Per | Numer] per 
| 


19 per cent [^ 

tow 

Ros 
Total... 


AnnreviATIONS USED: Р, pure salt; R, raw salt; ow, original breeding water t. 
tap water. 

Nore: АШ control larve were alive at the end of 24-hour observations. 

* The tests were performed at the Institute of Malariology. 
identified as follows: 2 s à and 2 99 flavirostris, 2 44 
limosus, and 1 9 summorosus, Five pupations occurred 
among those that were tested, all of which emerged into adults: 
1 à manalangi, which pupated in 10 per cent salt; 2 9 9 fus- 
cocephalus; and 1 4 and 1 9 summorosus, which pupated in 
lower concentrations. 

Although the tests of stream-breeding mosquito larvz were 
carried without any quixotic intention of applying salt con- 
centrations in actual mosquito-abatement programs, it is in- 
teresting to note that flavirostris (the principal vector of malaria 
in the Philippines) was found very susceptible to salt solutions. 

(b) Rice-field breeders—Two thousand four hundred and 


TABLE 6.—Number and types of mosquitoes exposed to-valt concentrations. 


| | concentrations 
Species " 
ipecies | Control | 3 nor Ter | 10 pec | тыш 
| cent vent | cent 


annulus. 
bitaeniorkync 
Suscocephatus 
gelidus... 
i. SIDATHOTOSR: 


oa 
6 


Total... 
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5, 7, and 10 per cent salt concentrations.* (For graph, see Fig. 4.) 


і 4 Кош лош 6-һошг В 
exposure exposure exposure Next day 


Alive | Totaldead | Alive| ‘Totatdesd | Ative| Total dead | ative| Total dead 


| Number | Per Nwmber| Per Number| Per Number] Per 
сеш 


twenty larve from the rice-field in Tala were tested; 400 were 
used for control. These are shown in Table 6. 

The results of the tests are shown in Table 5 and its cor- 
responding graphs (Figs. 5 and 52). 

One thousand four hundred and eighty larvæ from the rice 
paddies in the compound of the Araneta University were also 
tested; 200 were used for control. After the tests, they were 
identified as: 

Contro! Tested 


1. annulus 2ш 140 284 
2. quinquefasciatus 38 1,043 
3. limosus 13 153 

Total 200 1,480 


The only difference noted was in the 10 per cent Salt con- 
centration: ali larve (mostly quinquefasciatus) from the 
Araneta University rice paddies died in the first hour of 
exposure, whereas 9 of those from Tala rice paddies survived 
the first and second hours and died only in the third hour. 

(с) Pond breeders —At the time the experiments were under- 
taken (January to March, 1961), the pond in the compound 
of the Araneta University had most of its parts highly polluted, 
while portions along the edges were clearer, Culex pipiens 
quinquefasciatus had heavy breeding in the highly polluted 
parts; while other species, besides a few quinguefasciatus, were 


462 The Philippine Journal ef Science 1963 


Por cant mortality 


Number of hours 
Fie. 5. Results of exposing larvæ of rice-field breeding mosquitoes to 3, 
5, 7, and 10 per cent salt concentrations, 


Рег cent mortality 


Number. of hours. 
Fig. 5e. Results of exposing larve of pond-breeding mosquitoes to 3, 5, 7, 
and 10 per cent salt concentrations. 
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present along the cleaner edges. It may be remarked here that 
quinquefasciatus in the most important transmitter of filariasis 
in many parts of the Oriental] Region; but in the Philippines, 
this mosquito plays a very minor role, if at all, in the transmis- 
sion of local filariasis. 

Six hundred and forty larvz from the Araneta pond were 
used in the tests; 110, for contro]. Identification after the 
tests showed: 


1. annulus шш 1 5 
2. quinquefasciatus 42 854 
3. summoresns E 271 
4, limosus . 23 10 

Total шо 640 


The results were very close to those of other tests. See Table 
8 and corresponding graph (Fig. 6). 


DISCUSSION 


The experiments were undertaken primarily to determine 
whether or not salt concentrations may be effectively and 
economically used in the control of the disease-carrying 
mosquitoes that breed in artificial containers. These mosqui- 
toes are Aédes (Stegomyia) xgypti and Aédes (Stegomyia) 
elbopictus. For comparative purposes, at least in the labora- 
tory, various other species that breed in plant containers and 
in different types of ground waters were also tested. However, 
ihe impractieability of using salt against the breeding of 
mosquitoes in large bodies of water, like ponds, rivers and 
streams, and even in the enormous numbers of plant con- 
tainers such as the axils of abaca and bananas, is obvious. 

The foregoing tables, 1, 2, 4, 5, 7 and 8, and their correspond- 
ing graphs show the results of the tests according to species 
(in the case of Aédes xgypti, Table 1: and Aédes albopictus, 
Table 2), and according to the type of breeding waters (in 
the case of axil breeders, Table 4: stream breeders, Table 5; 
rice-field breeders, Table 7: and pond-breeders, Table 8). 

Table 9 is a summiary of the preceeding tables except Table 4. 
The tests for those that breed in axils (Table 4) were for 
all larval instars, and are, thereby, not strictly comparable 
with the other tests in which only the third and fourth-instar 
larvee were used. Generally, the first- and second-instar larvae 
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Por cont mortality 


Number of hours. 


Fic. 6. Results of exposing larvæ of pond-breeding mosquitoes to 
3, 5, 7, and 10. per cent salt concentrations. 
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Per cent mortality 


Number of hours 


Fic. 7. Summary of all tests excluding those for axil breeders. 
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TABLE 7—Resulis of exposing larvx of rice-field-breeding mosquitoes to 


l-hour Z-hour T-hour 


Salt | Number of exposure exposure exposure 


concen- | larvæ 


aration j tested Бул] ‘Total dead | ative! Totatdead | alive| Total dead 
Малья | Per Number! Per Number| Per 
cent cent | cent 
ю s| anu wf om 
is) s| m i| os 
|| s wo| 5 
29| | 85 ils} as 
20| 585| 295 500 | 74 
170 s8| :9| i9 95 
19 | z| | 12 50 
zn Bal 36) 1M 100 
i as; 55) nj 95 
080 | sa| вт 53 эз 
7 per cent 
зе, | aj 19| cel s| 265 168 | 99 
kiss 170 ва) 49, 001 ш 170| 100 
E ws} 73] “il des 170 | 100 
110 s3] Ф| 8} Im 120 | 200 
язї| 63| 63| би 678 | 99.6 


220 
160 | 36 J| 78 


380] 49| si| вт| 9| 


* The tests were performed at the Araneta University. 


TABLE Ta.—Resulis of exposing larve of rice-field-breeding mosquitoes to 


] 


ey -hour 2-hour Shour 
cat, | Mamet | озше E exper 
aon | ted 
Total dead Alive Totaldead | Alive} Total dead 
Number | Per Number} Per Number | Per 
pe cent pra 


28 e| s| | 2011 m 
20 13| 661 15 35] 86 
8 4| 49) n 16| 16 
19 68| 68) “7 БЫ 
165| 255| 61{ s5] 8T 

191] 92 109} 99 

81| 19 208 | 98 

15| 15 98 | эя 

38| 93 100 | 100 


108 10 | i100 
109 110 | 100 
00 100 | 190 
100 100 | 100 
4T 420| 100 
Abbreviations used: Г, pure salt; M, raw salt ал axil waters t. wa tap water 


Note: АЦ control dures were alive at the end of 24-hour observations. 
*The tests were performed at the Institute of Malariolog, 
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3, 5, 7, and 10 per cent salt concentrations? (For graph, see Fig. 5.) 


4-hour Schour 6-hour 
exposure exposure exposure Nett diy 


Ative | Totaldead | Alive|  Totaldead | Alive| Totaldead | Alive! Total dead 


Number | Per Number | Per Number] Per Number| Per 
cent H cent cent cent 
z| мз) ssj 2| 18| 99 170 | 100 
jo| 160 168 | 99 110 | 100 
15| 185 120 | 100 170 | 100 
18] dx 166 | 94 170 | 100 
ip! 60 89| 14| 665 93 680 | 100 


170 170| 100 
167 170 | 100 
170 170] 100 
168 170; 100 
5 675 


680 | 100 


179| 100 
1791 100 
120 | 100 
370 | 100 
eso | 100 


cent salt concentrations.» (For graph see Fig. 5a.) 


S-hour 6-hour Next day 
exposure exposure 
| Total dead | Alive| Total dead | Ане | Total dead 
Iss Per Number | Per Number | Per 
Матье эч, Pe 

100 

100 

160 

100 
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of all species are more resistant to salt concentrations than their 
respective third- and fourth-instars. Likewise, those that breed 
in plant axils are evidently less susceptible to salt than those 
that breed in other types of water. The contrast between axil 
breeders and those that breed elsewhere (comparing Tables 
4 and 4a with Tables 1, 2, 4, 7, and 8) may be appreciated by 
the survival of 87 young larve (13.2 per cent) in 5 per cent 
salt after 24 hours’ exposure and the survival of only 2 Aédes 
йур and 3 Aédes albopictus out of 2,900 larve of different 
species after only 6 hours’ exposure in other tests. Survival 
beyond 6 hours was by pupation. 

In 8 per cent salt, mortality among the larve rapidly in- 
ereased from the first to the fifth hour of exposure. The 
very few that survived 5 hours’ exposure died in the sixth. 
However, those that pupated during exposure survived and 
successfully reached the adult stage in this medium. This 
means that 3 per cent salt apparently did not hamper the 
development of the adult in the pupal stage. 


Out of 2,900 larvæ tested in 5 per cent salt, only 12 larvee 
and 2 that pupated survived 4 hours of exposure. "The 


Тлвгв 8.—Results of exposing larvæ of pond-breeding mosquitoes to 8, 


-hour 2hour | Леш 1 


enen | enm exposure В pon 
Alive Total dead Alive Total dead Alive | Total dead 
7 { T — 
| iN Imber; Per Number | Per Number | Per | 
3 | | cont cent H rent 
Pp 


зар 30 25! et a| 4g} 10 30 | 15 
|: al "8 


10 
р 
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larvæ died in the fifth hour; the pupz survived 24 hours of 
exposure. 

After 2 hours in 7 per cent salt, only 3 larve and 2 that 
pupated, out of 2,900 tested, remained alive. The 3 larve 
died in the third hour, but the pups survived. 

During the first hour in 10 per cent salt, 1,832 (95.95 per 
cent) of 1,920 larve tested, died; one pupated. The surviving 
87 larve died in the second hour, but the pupa still lived. 
Nevertheless, it did not survive 24 hours of exposure. 

Regarding the effects of salt concentrations on mosquito 
eggs, Del Rosario (1961) reported embryonic development 
was prevented in eggs of xgypti and albopictus laid in 5 per 
cent, 7 per cent, and 10 per cent salt concentrations; but 
hatching occurred among eggs laid in 1 per cent and 3 per 
cent salt. Downs (1951), in Mexico City, reported killing 
of the embryos in eggs of Anopheles aztecus, Anopheles 
albimanus, and Anopheles pseudopunctipennis laid on salt 
concentrations higher than 0.2N to 0.3N. 

Owing to the different procedures employed by previous 
workers in their experiments, the findings discussed in the 


5, 7, and 10 per сені salt concentrations." (For graphs, see Fig. 6.) 


4-hour B.hour H hour. Next day 
exposure exposure. exposure 


Alive | тоз аай | Ative| Totatdead | Alive} Total dead | alive| ‘Total dead 


1 
Number| Per Number] Per | Number| Per Number! Per 
cont ent 
40 | 100 
40| 100 
20 | 100 
EIE 
180 | 100 


he specimens were from pond in Araneta University compound, The tests were 
undertaken da tho Taboratory of the Araneta Universis 


924748—4 
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Taare 9.——Summary of all tests cxcludirg those 


„ЭШЕ. | Number of exposure exposure exposure 
tration | tested | vive | Total dead | Ative | Total dead Total dead 
Number | oe Number Per Number p 
Pn 420 | 405 15 4| 320 80 | 19| 161 259, 61] 
lebte . ar mos 
Breeders ШОР ad | Sb] Bt аз Ge ate Фи в 
КЕ 1100 | sor] 209 | 19.0} 50| 550) sol 235] acs] 19 
и 180 157 83 | 13.0 105 75 42 5T 123 68 
Total... 900 | 2500 |  400| 14| 1672 | 1227) 42 зв | 2004 | т 
чы ШЫ wg su mu 
ЕИ 800 | 4891 serf 45 
КЕ 2100 | na| 385] 35 
[o 180 136 44 
"Fotal...| 2900 | 1886 1014 
ELS ggj mp sw mj t sms 
а aol эз] м| ов] wel oe || аюв 
Бодо sa| 50} 60| 06| 1034 | 94 2| 109 | 99.8 
р e5| m| eaj a] 16] |. 180 100.0 
Total... вав | 2062 | т. wi | 2781 | 95.9 | 5| воо | 99.8 
poo КАБ аю [зов | #1] am | 99.0 
ине 400 | 20 400 [10:0 |... 400 [10020 
Treeders soo | 28 aoo [100.0 |... 400 [100.0 
600 49 591 600 [100.0 
[rm 100 [100.0 |- 100 1100.0 
Total...) 1920 | #88 | 1852 | 95 | *10] 1910 | 99.5 1919 | 99.5 


Nors: Each asterisk (*) represents ono pupation, This is added to subsequent 
pupations and earried to the end of the 24-hour observations. 


present paper are not strictly comparable with the results 
obtained by other authors. The procedure prescribed by 
the World Health Organization for testing the susceptibility 
of mosquito larve to larvicides (insecticides) was not yet 
known when MacFie (1914, 1922), Wigglesworth (1933), 
and Pantazis (1935) did thier experiments. The experiments 
presented here were carried in accordance with the procedure 
of the World Health Organization. This involved 24-hour 


92,4 Bañez: Salt Against Breeding of Mosquitoes 471 


Тот ахй breeders. (For graphs, see Fig. 7.) 


4-hour 


exposure 


Alive | Total dead | Alive| Total dead Alive | Total dead | Alive} Total dead 


Number | Per Number | Per Number! Рег Numbe| Per 
cent сті emt «ш 


#82 | зза | 30 |2*46| 314189 | кз} 417/99 | z| 418) 99.5 
m ч jesse ate 


жөо 300 | 75. fatz 368 | 92 j*-10] 390 | 98 [нөт 392 | эв 
59 зал | 93 18 781 | 98 800 |100 800 | 100 
s7| 2003 | 91 19| 1081 | 98 1100 |100 1100 | 100 
°з 157 | 87 4 176 | 98 180 |100 180 | 100 
2780 | 96 13} 2887 | 99.5 9| 2891 | 99.7 

418 | 99.5 

400 |100 

800 |109 

1100 |100 

180 |100 

2898 | 99.9 


observation, with hourly checking and recording of mortality, 
survival and pupation (if any). In all tests, too, control was 
provided in accordance with WHO instructions. 

Some parallelisms, however, may be noted when Table 1 is 
compared with the results of the workers cited above. MacFie 
(1922) stated that in 2.3 per cent salt the iarve of xgypti 
were rapidly killed. In the present tests, out of 420 larve of 
&gypii exposed to 3 per cent salt, only one larva and 2 that 
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TABLE 10.—F'ield tests. 


Esti- à Actual 
Treated mated [AQP | Desired | Actual salt 
Container water | salt | cocen- | content | concen- 
Date | Time | content | addea | tation tration 
ec gm | Percent се Per cent 
No. 1. Sep- # 3:10 1,000 100 10 1,550 6.45 
Gallon ico cream | tem- 
can рет 26, 
1961 
No, 2. .--do...| *3:05 80 8 10 87 9.19 
Small rusty ean 
Мо. 3 --40...| #3110 100 Not | treated 
‘Small rusty can 
CONTROL 
No. 4, Sen. | +940 | 1,300 65 5 1,700 3.82 
Truck tire iem- 
her 30, 
1961 
No. Orto- *2:30 250 12,5 Li К 
Broken auto tire | ber 5, Rained ud 
1961 heavily 
during the 
night, 
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Observations 


First 


Second Third 


Final 


September 27, 1961, 
0:00 am (with 
flashlight) Б adults 
resting at side of ean 
escaped when ob- 
server attempted 
to слов "them. 2 
emerging. All larvæ 
apparently dead, but 
some рира alive and 
active, 


September 27, 1961, 

О, т. AI larva 
dead ‘and 2 pup 
alive, 


ptember 27, 1981, 
a.m. Aillarvm 
and pups alive, 


September 30, 1961, 
12:2 р. m. (with 
бав}, as the tire 


АН larva and рире 
moving wildiy ая if 


October 6, 1961, 8:00 
а, п. Caught from 
Water surface and 
sides of tite, 

эур, 5g Gand 69 9; 
albopictus 4 а 
LU 2 Фе and 

6 99. 

А few dead larva, 
Many alive larva: 
and pope. 


was very well shaded), 


affected, None dead,| 


10:00 а, m., emerg- | 1:20 p.m, 
ing adults seen at | 2 newly emerged 
6:00 am; died | adults caught on 
without completo- | top of water 10% 
ly getting out of | and l9 albopictus, 
upal skin, 1 a~ Шар. 
ЙЫ caught x | Some pups still alive. 
‘water surface (ovi 
dently, newly e 
morged— 9 albo- 
pietre), Some pu- 
Pa stili alive. 


10:15 am, All lar- 
vim dead; 1 adult 
emerged (2 albo- 
pictus) the other 
pupa died (identi- 
fied, 9 albopictus.) 


1025 аът. АҢ alive.| 2:20 a.m, АШ alive 


1 pupa emerged 
into Ф albopictus. 


5:00 pm. (with flash- | October 1, 19617 7:10 


light). © Several | a.m. (with fash- 
adults (probably | light) dead larve 
newly emerged) | allont and at bot- 
flew away as light | tom about 60 per 
disturbed "them, | cent of total larva. 
A few larva were | Remaining 


уе 
deud. The rest of | weak, and dying, 
the pupe and lar- 

væ were no longer 
restless, 


Not done, Not done, 


310 p.m.: All pupæ iso- 
lated in breeding jar 
with “salted”? water, 
placed under lantern 
chimney. At different 
hours, on September 27 
and 28, emerged into 
adult total 8 males, 
12 females, albopietus. 
Larve preserved and 
identified iater as: 


Бур albopic- 


tas 
Ist instar . 0 о 
2nd instar. 9 21 
‘Ord instar T 13 
4th instar _ 1 ° 
Total... и м 
Pain, 
As of 10:16 a.m, 
40 pam, 1 emerged 
(Galbopictus), 


7 ath instar larvæ alive, 
No рирт. 


October 2, 1961, 9:40 a.m, 
(ith "  Rashlight). 
Adults flew away аа 
light struck them. АП 
larva dead. Several 
pupe still alive. ‘These 
were isolated; emerged 
into adults at different 
hours October 2 and 3. 
1-9 agunti, 99,20 9 
aibepicus- Total 30 
adults, Dead larva 
identifie 


i- albo- fati- 
gyp- pic- дана 

fi tue 
Istinstar.. 0 0 о 
2nd instar 4 
3rd instar 8 
dth instar 3 


Total- 15 


Alive larve taken and 
identified: (2:30 p,m). 


Ist instar 
2nd instar. 
Srd instar 
Ath instar 


| Dead laste: 
Ist instar 
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TABLE 10.—Ficld tests—Continued. 
| Esti- Amount " Actual 
> Tm mated | чо | Desired | Actuat salt 
Container water. salt. concen- content concen- 
Date | Time | content | added | tration tration 
No. 5, ee gm per cent. ec per cong 
Broken auto tire 
No. 6. Orte. | 3:00 200 |... Rained dur- 
Tin can (Control, | "ber 5, P ing tho 
not treated.) night, 
1961 Exact 
amount. 
full to the. 
brim pro- 
bably over 
flowed due 
to tho 
тапа, 
No, T. Oct *9:15 ron 
Cocvaut shell (u) | horta, о ri ы Е 82 12.05 
1961 
No. 8. Ё 99:5 E A А 
Coconut shell (b) os: 2d PE 10 330 9.99 
o, 9. 80 1 98 94 г ` 
сопы shel (e) [777] °° 9355 nid ME 10 10 13.33 
No. 10, Octo. jen а 
Pincappletin can | berie 1009 ы Ы 10 "à 10.25 
stighily rusty 1961 
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Observations 
First Second Third Final 
ж- albo- fati- 
gyp- pic- gana 
tus 
2nd instar. à ^ о 
‘rd instar 43 o 
th instar 2 2 2 
Tots... 6 5 2 
Pape taken and isolated 
g Creed ins 
P 
1 йомша; 
1 $, fatigans. 
October 6, 1961, 8:10 | None made, None made, 
s.m. Adults taken 
from” guter surface 
and sí 8 
4 Cg fatigans. TPS, 17 99 zgyptis 
Al агу. and pups PT 7и 
= Larve identified: ^ 


October М, 1961, 10:45 | 1:00 p.m. АЦ 14 | 3:00p.m. Гарав: 
a.m. Jarvædead, picked | alive. 
12 [зге dead, 2 larvae | out, and preserved. Jsolat 
dying, and I pupated.] Pupa alive. MAE. uen шы 
pira 


October 14, 1961, 11:55 | 1:10pm. Pupastn| 3:20pm. Pupastill | October E ор, idene 

то alive, allo, asm. Pupa died, iden- 

ў tired as 9 aibopietue, 

AI 2i lorye dead and Lieve! ай айорш; 
Latvz picked out and ded nears. d 
reserved, rd i 3 
NO t їй тїш: 3 
u in Ath instar. o 


“salted” water, 
Total... 21 


October 14, 1961, 12:00 
noon. Only 3larvas. 
AN dead: albopictus 


October 14, 1961, 1:00 


p.m. 
Ali Six larvae dead iden- 
tified as: alPopictis. 
2nd insta 4 
3rd instar. 


Total. 
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TABLE 10.—Field 


Treated Est, Amount] Desired Actual 


Actual salt 

Container || юш | 9 | шш) dumb | em. 

Date | Timo | content | added | tration tration 
..-Чо...**10:00 200 | Not Treated 


No. п. 
Coconut shell (4) 
Соктноь 


pupated remained after 5 hours. The larva died in the seventh 
hour; but the рирге survived in the medium and became adults 
after more than 24 hours. MacFie (1922) claimed that 50 
per cent sea water (about 1 per cent salt) killed all xgypti 
larve he tested within 24 hours of exposure. However, 
Wigglesworth (1933) said 48 hours' exposure in 1.4 per cent 
salt was necessary to kill them. 

Preliminary tests in artificial containers—Field tests in 
artificial containers, using only raw salt from Las Pifías, were 
condueted at Tala during September and October, 1961, when 
rains were heavy and mosquito-breeding in artificial containers 
was high. The procedure was the game as that used in the 
laboratory, but the water in each container was merely 
estimated, and an accurately weighed amount of salt was 
added according to the percentage of salinity desired. In 
actual field operations, it would be impractical, time-consuming 
and often impossible to measure the exact amount of water in 
each container, 

Different amounts of salt were weighed and wrapped in 
paper. The amount was written on each paper wrapper. 
When the water content of a container had been calculated, 
a portion of the water, minus the larve and pupa, was pipetted 
into a small beaker, and the pre-weighed salt dissolved in it. 
Then the solution was poured back into the breeding container 
and gently stirred with a glass rod to homogenize the resulting 
salt solution. Stirring was done in such a way that it did 
not hurt either larve or pupe. 
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tests—Continued. 


Observations: 
First | Second Third Final 
‘2nd instar 
3rd instar. і 
Total ... H 
October 14, 1961, 12:00 | 1:15 p.m. 1825 p.m, AN alive October 15, 1961, 12:00 
noon, Allalive, | All alive. noon, АН alive, taken, 
Killed and identified 
later as; 
ж. albo. 
бур pie 


Checkings were not made hourly, but only twice or more 
before the 24th hour. In these preliminary field tests, the 
following procedure was observed in order to find how good 
it might be. After the 24th hour the entire contents of cach 
container, including the larve and рирге, were transferred into 
a graduated cylinder for measurement of the water; then this 
was carefully poured into a white enamel basin or bowl. The 
living pups, if any, were transferred into isolation jars and 
placed under a lantern chimney, the top end of which was 
covered with sinamay cloth. The isolation jars contained the 
“salted” water. The рирге were left there until they either 
died or emerged into adults. The dead larvæ were collected 
and identified immediately when possible, or preserved and 
identified later. The living larve, if any, were killed and also 
identified. . 

Eight different artificia] containers were tested; three others 
were used as control The results are shown in Table 10. 


SUMMARY AND CONCLUSION 


1. Laboratory tests on the use of salt concentrations of 8, 5, 
7, and 10 per cent, and field tests on the use of concentrations 
of 1.49, 3.82, 6.45, 9.19, 9.99, 10.05, 10.25, and 13.83 per cent 
against the breeding of mosquito larve were made. The 
laboratory tests consist of two parallel series; chemically pure 
salt concentrations and similar concentrations of unpurified Las 
Pifías salt. In the field, only concentrations of raw Las Pinas 
salt were used. The tests involved 10,945 larva in the Iabora- 
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tory and 401 in the field. The laboratory results showed no 
material differences between concentrations of pure and raw 
salts. 

2. Accurately measured water and salt and selected and 


counted larve were used in the laboratory. In the field, the 
breeding water in each container was merely calculated and 
the salt, accurately weigh, added according to the degree of 
concentration desired. The specimens tested were whatever 
were found breeding in the container. After 24 hours the 
breeding water was measured and the actual salt concentrations 
were computed. The intended concentrations in field tests 
were only 5 per cent and 10 per cent. The results, however, 
varied from 1.49 to 13.38 per cent. 


3. In the laboratory tests, as in the field, concentrations of 
10 per cent or thereabouts registered complete kill of all 
larve within one or two hours of exposure. But, while 3 per 
cent salt in the laboratory consistently killed all larve in 5 or 
6 hours, in one field test (using 3.82 per cent salt) most of 
the larvæ were still alive after 744 hours’ exposure; complete 
kill occurred during the night as shown by the final checking 
the next morning. 


4. No laboratory tests for salt less than 3 per cent was 
undertaken, A field-test salt concentration originally calculated 
to be around 5 per cent but which was later reduced by rains 
to only 5 per cent but which was later reduced by rains to 
only 1.49 per cent had no effect on the larve. Out of 204 
larvee exposed in this test, 18 or 6.37 per cent were killed. It 
seems probable that the deaths occurred before the rains 
lowered the concentration of salt. 

5. Among axil breeders, the first- and second-instar larve 
were evidently less susceptible to salt than the third- and 
fourth-instars. 


6. Pupation occurred in different concentrations in labora- 
tory tests; probably also in field tests. Теп per cent or more 
salt concentrations apparently had little or no effect on pupa. 


From the foregoing it may be concluded that 10 per cent 
Las Рійаѕ salt may be effectively used against mosquito- 
breeding in artificial containers; primarily against Aédes 
ægypti and Aédes albopictus, both of which are transmitters 
of diseases. However, the application of salt during the rainy 
season, when breeding of these two species is at its peak, 
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should be timed between rains so that the concentration may 
not be lowered and rendered ineffective. The addition of salt 
should err towards the higher (more effective) concentration. 
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TAXONOMY DISTRIBUTION AND SEASONAL OCCUR- 
RENCE OF EDIBLE MARINE ALGÆ IN ILOCOS 
NORTE, PHILIPPINES 


By ERNESTA С. GALUTIRA and GREGORIO T. VELASQUEZ 
University of the Philippines, Quezon City 


NINE PLATES AND ONE TEXT FIGURE 


From time immemorial man has utilized marine plants as a 
supplement to cover his food needs. Among the Asiatics, par- 
ticularly the Chinese, Japanese, and Malays, seaweeds are 
valued highly as food of great delicacy. In the Philippines, 
where 570,000 square miles of seas surround the 7,100 islands, 
the people have long been using seaweeds or alge as part of 
their daily diet. In Ilocos Norte Province, in particular, over 
19 species are known to be edible. Of these no less than ten 
are being sold commercially. The Jlocanos consume them аз 
salads or pickles or cook them into omelets. 

Seaweeds are also known to be eaten similarly in Pangasi- 
nan Province, the Cagayan Valley, La Union Province, and 
the Bicol Region. In the Visayan Islands and the coasts of 
Mindanao, seaweeds are also reported eaten boiled or mixed 
with other vegetables [Collado (1926)]. Farther south and 
southwest, in Palawan and the Sulu Archipelago, algz in season 
are always being sold in the market. 

Seaweed production the world over increases continuously on 
account of the constant seepage of nutrients from the land 
to the sea. The rains leach these substances from the soil, 
where many of them play important roles in the food synthesis 
of green plants. Marine alge, which are as autotrophic as 
flowering land plants, possess chlorophyll and this enables 
them to manufacture sugar by photosynthesis. In the same 
manner, sugar is elaborated into various food compounds in 
the presence of organic and inorganic nutrients in the sea. 

A survey is useful in determining which of the local marine 
alge have definitely high food values and, therefore, are 
suitable for widespread utilization by the country’s fast growing 
population. The purpose of this investigation was, thus, to 
gather definite information about the species used as food in 
the coastal towns of Ilocos Norte Province, to furnish data 
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about their relative abundanee and distribution during different 
seasons of the year, and to establish their taxonomic position in 
the seaweed group. 


REVIEW OF LOCAL LITERATURE 


The earliest mention of Philippine alge was made in the 
first edition of Fr. Manuel Blanco's Flora de Filipinas (1837). 
George von Martens (1866) referred to Blanco's work when 
he enumerated the Philippine species; but he made no mention 
of the edible ones. Seale (1911), in an attempt to stimulate 
interest on the subject, reported 11 edible seaweeds sold in 
Manila markets. Wells (1916), on the other hand, found that 
gulaman dagat, which is being sold in the Philippines as a 
substitute for gelatin, is low in nutritive constituents. 

In view of the abundance of seaweeds, Collado (1926) studied 
the nutritive properties of the edible species of Gracilaria con- 
fervoides (guraman), Laurencia sp. (i culot), and Sargassum sp. 
(aragan), which were collected from a brackish stream in 
Buguey, Cagayan Province. His study shows that G. confer- 
voides has the highest carbohydrate content; followed by 
Laurencia and Sargassum species, the second and third 
highest respectively. Fourteen other edible marine alge in 
the region were also studied. 

Sulit (1952) reported that along the shores of Burgos (Ilocos 
Norte) and Claveria and Aparri (Cagayan) Porphyra, a 
seaweed known as gamet, was found abundant. Montilla and 
Blanco (1952) reported 25 species known to be edible and 
medicinal in the Philippines. These were presumably collected 
from the Hocos Region because the common names were in 
the Ilocano dialect. 

Velasquez (1948) made a survey of the possibility of using 
seaweeds as part of the daily diet of Filipinos and of agri- 
cultural animals. The development of a “seaweed meal" for 
cattle or a seaweed substitute in the ration of hogs and fowls 
could be another possible use of the plants and encourage 
the building of a new industry. The people of other countries, 
especially those of Japan, China, and of the coasts of Europe 
and the Americas have long utilized seaweeds for the production 
of agar. Commercial products, derived from them such аз 
alginates and carageenin, have long been known in world 
markets, 
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LOCALITY 


The province of Hocos Norte occupies the whole of the 
coastal plain of the northwestern corner of Luzon Island, Phil- 
ippines, between latitudes 17° 54’ and 18° 35’ North and longi- 
tudes 120° 27’ and 120° 50’ East. It is accessible by bus and 
plane, being only 533.4 kilometers north of Manila. Its coast- 
line starts on a xocky shore at Pasaleng Bay, facing the 
Babuyan Channel, and slopes ruggedly westward, then south- 
ward facing the China Sea. 

The coastal towns are composed of numerous flatlying lands, 
whereas towards the sea, the shoreline is indented with a 
number of sandy-rocky coves of various sizes. Several pro- 
montories fringe the coastline The irregular indentation 
and varied topography make the place excellent for the growth 
of marine alge. Pronounced wet and dry season character- 
ize the climate. Rain comes from May to October and dry 
the rest of the year. 

Collecting stations.—Collections were made along the coasts 
of Burgos, Pasuquin, and Currimao. The first represents the 
northernmost collection station; whereas the last, the southern- 
most. They are 40 nautical miles apart, Two barrios of 
Burgos, Bubon and Buraan, have been included. The former 
was divided into Bubon I and Bubon H for collection purposes. 
This made a total of five collecting stations as indicated on the 
map (see Fig. 1). 

The species collected in these stations at different dates 
and their relative abundance are shown in Table 1; their 
relative abundance in months, as gathered from observations 
of the people along the coasts, is given in Table 2. 

Bubon I is a sheltered indentation located north-northeast, 
in the vicinity of Cape Bojeador. Big boulders predominate 
the northernmost side, abruptly rising to a flat rolling elevation 
of considerable height, usually barren except for the growth 
of a few dwarfed species of vascular plants. This surf-beaten 
part of the coast leaves sea water in numerous tide pools 
yanging in depth from the ankle to a little above the waistline. 
Species of Porphyra and Enteromorpha abound in these tide 
pools. They oceur as patches in association with other red 
alge. Enteromorpha species oftentimes filis a single large 
pool. A large expanse of tidal flat characterizes the intertidal 
zone in this station. Other alge cannot grow much owing 
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TABLE l.—Relative abundance of the marine edible alge of Ilocos Norte 


Bubon 
Bubon I 
Specimens 
- | Aprit | August | Novem- 
Тез, DU PT ET 
1959" | 1960 | 1960 1560 
1. Enteromorpha plumosa Кова ХХ x 
2 Riyeromorpiea compreso mj | o 
3, pia айнда Vion XXX |ххх| X XXX 


4. Санштра racemos 
Agardh var, савјета (Turn. 
Weber van Boss 

5. Codium papillutun 
Gilbert 

6. Codie sp 

T, Codium iiricatum Okamu 

8. Hydroclathrus clathratus (Bory) 
Howe. 

9. Porphyra crispala Кйтап — 

10. Geltatctta остова (Forsskal) Fald- 


XXX XX 


хх хх 
XXX 


man and Нате XXX 
31. Helymenia dureitiaet Bory. 
12. Буйга wertuten. (Ойы) 
13. Hypnea eharoidés Lamouroux. ххх | ххх хх 
34. Gracilaria salieornin C, Ар, М 
15: Gracilaria serrucuse и) Fi А 
penfuss ~ x 
Ye Gracilaria бого Ва, хх x 
її. Laxreneta papillosa (Forsskål 
Greville. РАР x ххх | ххх 
18. Laurencio olamnrui Yamada х ххх хх 
19. Acanthophora epicifera Wahl) i 
Borg- x XXX | XXX 


TABLE 2.—Monthly availability of marine algæ of Iocos Norte. 


Specimens | Common ламе | January | February 


1. Enteromorpha plumosa Kützing _ 
2. Bnteramor pha compressa Linn.) Greville. 


б Шаа lactuca Linn 
vsskál) J. Agardh 


4; Caulerpa recemosa ( 
var. clurifera (Tur) Weuer van Bosse | Ararucip .. 


1 ххх ххх 
| xx хх 


Gamgamet | 


-| ххх | ххх 


5. Codium papillatum Tseng and Gilbert... | Poepoclo. XX ххх 
6: Codium sp. Docboclo- | ххх XXX 
T. Codium iniricalnm Okamura Pocpoclo- 22777227! 

и (Bory) Hows 777 Balbalulung 1 хх 

Porphyra erieputa Kjeliman - Санте. | XX 
10, Gelidicilu acerosa (Forsskhl x 

and Hamel ... XXX 


11. Halynenia direit Уу. 
121 Eucheuma muricatum (бон 
ipea ehuroides La 
H. Gracilaria salicornía C, Ау. І 
19: Gracilaria verrucosa (Huds, 


36. Gracituria coronnpiforia J. Ag. Саосаоауап 

17. Laurencia papillosa (Forsskål) Gi Culot. | 
18, Lourencia okamurai Yamada ... Gulot 

19. Acanthophora spicifera (Vahl.) Bork. с: Culot 


Legend: X, rare; XX, fairly abundant; XXX, very abundant, 
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collected from five stations, December 28, 1959 to November 19, 1960. 


Bubon Currimao Pasuquin 
Bubon II Buraan Gaang Вау Dirique Inlet 
Novem- | August | Novem- |Aprū| August | Novem- | April) August | Novem- 
berig, | 3 berdo, | de, | | ber2o, | 275. | 2. | beris, 
1960 1960 960° | 1960 | 1980 | 1960" | 1960 | 1960 1960 
x x 
x 
xkx е х | ххх 
ххх * х 
x xx 
xx 
ххх x 
XXX хх 
х 
хх 
ххх | хх ххх 
ххх 
х 
к ee хх | xxx 
ххх 
ххх хх хх 
хх XX [xxx 
" xx ххх 
XXX ххх 
ххх [ххх ххх 
April | May | June | ошу | August | September | October | November | December 
ххх | xxx хх ххх 
ххх | ХХХ 
хх хх хх 
хх xt. х= xx xx 
XXX | xx xx xx 
ххх | хх хх 
Xxx xx ххх 
хх ххх | ххх 
ххх 
ххх | ххх | ххх S 
xxx XXX 
хх ххх 
3 XXX 
ххх | хх х5 
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to sand deposits fixed by the waves. In the upper intertidal 
zone is an abundant growth of Ulva usually exposed during 
low tides. Towards the deeper portions of the shore, excellent 
growth of Codium could be gathered in large quantities by 
diving at a depth of about 10 to 15 feet. Codium sold in 
abundance in the markets of many towns in the province is 
gathered from this place. 

One and a half kilometers farther south is Bubon II. 
The cost has a uniform appearance ending in a small pro- 
montory of narrow, flat, coral reef entirely exposed during 
low tide. Abundant Gracilaria, associated with Thalassia and 
Caulerpa racemosa var. clavifera, is collected at a depth of about 
10 feet. Gelidielia, Hypnea, Laurencia, and Acanthophora 
species also grow abundantly. 

The barrio of Buraan is 5 km. north of Bubon and 39 km. 
north of Laoag, the capital of Ilocos Norte. The water is 
brackish on a rocky substratum sprinkled promiscuously with 
generally fist-sized stones. The rocky boulders are overgrown 
with Enteromorpha, Hypnea and Gelidiella species, which inter- 
mix with growths of Acanthophora and Padina. The shoreline 
goes forward further west and slopes southward towards the 
direction of Bubon. The stratum becomes sandy-rocky and 
water is waist-deep with species of Codium and Caulerpa. 
Fields of brownish-red, erect growth of Acanthophora occur 
in the upper intertidal zone and lie exposed during ebb tides. 

Dirique Inlet is a sheltered indentation in the town of Pasu- 
quin, 33 km. north of Laoag and 6 km. south of Bubon. А 
narrow reef is located in the south side where a few Gracilaria 
species grow. The northwest shore is high and rugged, and 
composed of much broken, usually eroded, rocks. It has a 
narrow, gently sloping shoreline below, where Halymenia grows 
on big boulders neck deep at low tide. Laurencia occurs at 
the shallower portion of the shore, Cast Codium could be 
found drifting with fronds of Sergassum, especially after a 
high wind. 

Near the southern boundary of Ilocos Norte, 24 km. 
South of the capital is Gaang Bay in the town of Currimao. 
The shoreline on the northeast boundary has an almost abrupt 
depth where Hypnea is abundantly attached to xocks, often 
exposed during low tides. Farther south is а wide expanse 
of tidal flat dotted with brown patches of Sargassum in the 
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deeper portion. Narrow, deep, tide pools in the form of 
rivulets lie in parallel formations, the level of the water 
depending on the ebb and flow of the tide. An abundance of 
Galazaura and Liagora species is at the bottom of these 
formations. On the upper intertidal zone at ankle depth 
during low tide is to be found Gracilaria salicornia overcast 
with caleareous deposits. Codiwm is to be found at times on 
the rough surfaces of rocks. An abundance of Gelidiella and 
Acanthophora species, growing together on submerged rocks 
with some Gracilaria, predominates the area. 


HABITAT 


Habitats of the algz.—The sea affords two distinct habitats 
for the benthic algal flora; namely, (1) the part of the shore 
that is daily exposed during low-tide periods, and (2) the 
more extensive region below low-water mark where the algal 
vegetation always remains submerged. These regions, desig- 
nated as littoral and sublittoral zones, respectively, offer 
different environmental conditions and bring about the growth 
of a variety of species of the seaweed population [Fritsch 
(1945)]. A third one, the spray zone, extends above the 
upper littoral, where the alge are reached only by sprays of 
sea water produced by high winds or are slightly submerged 
during exceptionally high tides. Feldmann (1951) calls this 
the “supralittoral zone.” The collecting stations visited could 
well be similarly classified as supralittoral, littoral, and 
sublittoral. 

The habitats of the alge collected are as follows: (1) rocky 
shores and boulders, (2) sandy-rocky substrata with a thin 
layer of mud, (3) stony, brackish mouth of river, and (D the 
narrow, long blades of Thalassia. A marina grass Thalassia, 
grows densely in shallow sandy depressions. The epiphytic 
Hypnea chavoides is attached in small groups near the tips 
of its narrow leaves. No edible species were collected along 
the mangroves. 

Some of the alge of the littoral zone are exposed at low tide; 
while others, especially Enteromorpha and Ulva, find shelter in 
rock pools with little water. Sandy substratum abounds 
mostly in species which can pind the sand together in order 
to obtain a firm holdfast. On the rocky coast near Cape 
Bojeador, a few alge, dominated by Porphyra crispata, occur 
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far above the normal high-water mark where they can be 
reached only by exceptional high-tide during Stormy weather. 
This elevated habitat is the supralittoral, or spray zone. Ап 
association of Acanthophora-Gelidielle-Lawrencia species is 
found in crevices of big boulders. Stony brackish mouths of 
rivers are abundant іп Hypnea-Gelidiella association. Graci- 
laria verrucosa grows with Thalassia in a sandy-rocky substra- 
tum. Codium prefers the sandy-rocky depths of the sublittoral 
zone with a thin layer of mud. 


MATERIALS AND METHODS 


Collection and preparation of materials-—Collection of the 
marine edible alge in the province of Ilocos Norte began 
during the Christmas vacation of 1959 in Bubon, Burgos. This 
first collection proved Bubon to be the riches of all the collecting 
grounds visited henceforth. Succeeding collection trips were 
made at intervals of every four months for a period of one 
year. The last collection was done during the month of 
November, 1960. Bubon И in Burgos, Dirique Inlet in Pasu- 
quin, and Gaang Bay in Currimao were visited three times. 
These collecting stations were suggested by the mayors of the 
coastal towns, who furnished the authors information about 
the edible algz of the province. (Table 3.) 

Collection was done at low tide as determined by the Tide 
and Current Tables issued by the Bureau of Coast and Geodetic 
Survey. In collecting, a 10-pound pail, wide-mouthed bottles 
for small and delicate alge, a glass-bottom box, and a pocket 
knife for detaching some alge on rocks were used. For 
protection from barnacles and Sharp edges of rocks each collector 
wore shoes that fitted above the ankles. A long-sleeved shirt 
and a light pair of overalls or long pants also gave protection 
from overexposure to intense sunlight and poisonous organisms. 
Only living, complete specimens were collected, studied, and cured 
for herbarium purposes, as suggested by Taylor (1945). 

Laboratory observations.—The habits of each Species were 
recorded in photographs and their anatomical structures studied 
and reproduced by camera-lucida drawings. "Temporary glyce- 
rin mounts of sections were made whenever more time was 
needed for their study. As much as possible a uniform mag- 
nification for all the illustrations was maintained to show 
relative sizes of different structures, 


TABLE 8.—Summury of information about edible murine alge furnished by the mayors of the coastal towns of Hocos Norte. 


Am 


Souree 
municipal 


E 


‘Month of the 
year in abundance 


Mow eaten 


Remarks 


Pocpoclo (Codium spp.) - 


Culot (Gelidietta acerosa, Laureneia papillosa, 
L. okamyrai, Acanthophora spicifera) ~ 


Ararueip (Caulerpa racemosa var. vlavifera). - 


Gamot (Porphyra crispata). 


Lumot (Emeromorpha spp.) 


Dalbalulang (Hydroclathrus elathratus). .. 


Badoe 
Currimao 
Burgos. 

Pagudpud 
Pasuquin. к 
Paoay 


Badoe 
Burgos 
Currim: 
Pagudpud 
Pasuquin. 
Paoay .. 


Pagudpud”. 
Pasuquin, 


Currimao - 
Pagudpud.. 
Pasuquin. 

Paoay 


Rado 
Burgos. 
Currie 
Pagudpud. 
Pasuquin.. 


Paoay 


1алипгу to April .. 
December to March -. 
January to Ma 

March to April 


February to May 


Any month. 
November (o February 
September to Deewmber 
December to January. 
Any month. 
June to Aug > 


January to March. 
November to January - 
'ovember to April 
March. 
Septembs 
June to August 


Decomber to March 
November to December- 


November to January 


April to Мау. 
January to April 


November to December. 


June to August .. 


February Lo March. 
December to April С 
March to May... 


June to August .. 


raw 
raw 
raw 
raw 
тиз 


raw ог cooked 
raw or cooked 
raw or cooked 
raw or cooked 
raw or cooked 
raw ог cooked 
dried or fresh. 


raw 
mw 
raw 
raw 
raw 
raw 


raw or cooked, ete, 
raw or cooked 

raw or cooked: 

raw 

raw or cooked 

raw or cooked. 

raw or cooked 
cooked 


raw 
cooked 


no information 


none 


none 


none 


no information 


no information 


none 


none 


тб 


qmmp 


ud. 


zonbspjA pun v. 


абру әныз NPT 
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coastal towns of Ilocos Norte—Continued, 


4 by the mayors of the 


Algae Souree Month of the How eaten Remarks 
vauuicipality year in abundanee 
"Gayeng-gayong (Halymenia durvilloei) ....| Badoc - попе 
Burgos January to March cooked 
Currimao L none 
Pagudpud, February to April Taw or cooked 
Pasuqui Fobruary to May ` тау or cooked 
Paoay .. none 
Gargararao (Gracilaria spp.) .. Badoe _ nono 
Burgos 77 Caocacayan 
Çurrimao November to January raw or cooked Maraeaoayan 
Pagudpud. December to February. raw or cooked Guraman 
asuquin. September to December. талу or cooked Guraman 
аоау June to August Taw oF cooked Gurguraman 


Canot-eanot (Eucheuma murication) . 


Lub-labig (Species not determined) .. 


Gurgarnatis (Species not determined) 


Bangi (Species not determined.) | 


Samsamit (Species not determined.) 


Aragan (Sargassum sp.) 


Baris-baris (Liagora sp.). 


Paoay 


Burgos. 
Pagudpud. 
Pasuquin. 


Burgos.. 
Pagudpud. 


Burgos- 
Pagudpud.. 


Pasuquin, 


Panpanao (Species not determined.) 


Paoay .. 


November to January ... 
March to April 


January to April .. 
December to Februsty- 
December to January. 
January to March, 

December to January.. 
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hot available in the market 
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Keys and descriptions of species 
This work includes 19 species belonging to 13 genera, 
11 families, and 8 orders. Of these one variety has been found 
under class Chlorophycez. 


Key to classes 


1. Pigmentation of unmasked chlorophyll .. 
i. Chlorophyll masked by accessory pigments - 
2. Pucoxanthin dominant as brown accessory pigment. Phaeophyces 
2, Phycoerythrin dominant as red accessory pigment. Rhodophycee 


Class CHLOROPHYCE/E 


Plants belonging to this class are unicellular or multicellular: 
colonial or united in simple aggregate to form branched or 
unbranched filaments, or macroscopic thalli of indefinite shape. 
They may be attached or free floating. The chief distinguish- 
ing characteristic is the presence of grass-green chloroplast 
composed of chlorophyll a and b associated with carotene and 
xanthophyll present in the same proportion as the higher 
plant. They occur singly or in abundance in each cell, the 
shape depending upon the genus or species. Pyrenoids usually 
ave present and starch is the common reserve food. Cell wall 
is of cellulose and pectic compounds. Reproduction is by 
asexual and sexual methods. They are commonly abundant in 
fresh-water habitats though some orders are well represented 
in marine habitats. 


. Chlorophyces 
2 


Key to the orders 


1. Vegetative body foliaceous, expanded or tubular with crosswall. . . Ulvales 
1. Vegetative body foliaccous, expanded or tubular with cross walls present 
only in reproductive structures .. . Siphonales 


Order ULVALES 


Plants are thalloid nearly always attached by rhizoids 
which are free or differentiated into a holdfast, Fronds are 
usually multicellular, foliaceous; tubular or flat, of one to 
two cell layers. Cells are mostly uninucleate, with a single 
rarely two or three parietal chromatophores and one or more 
pyrenoids. Asexual reproduction by bi- or quadriflagellated 
zoospores, akinetes or aplanospores. Sexual reproduction by 
two- or four-flagellated iso- or anisogametes ; rarely by oógamy. 


Key to the genera 


Enteromorpha 
. Ulva 


1. Frond tubular, at Teast in part, of a single cell layer 
1. Frond expanded, of 2-cell layers ... м 


494 The Philippine Journal of Science 1902 


Genus ENTEROMORPHA Link, 1820 

Fronds are persistently tubular throughout except for uni- 
seriate branch tips in some species. They may be simple pro- 
liferous or repeatedly branched, usually slender and more or 
less cylindrical or clavate, inflated or compressed. The walis 
of the tubular fronds are of a single-cell layer. Cells uninuc- 
leate containing a single cup-shaped or laminate chloroplast 
and a pyrenoid. Multiplication of the thallus takes place by 
fragmentation and proliferation; asexual reproduction by qua- 
drifiagellated zoospores or biflagellated gametes, the formation 
takes place in any but the basal cells, 


Key to the species of Enteromorpha 


1. Cells subrectangular, more or less jn longitudinal series in greater part 

of the frond; branch tips ending in a uniseriate row of cells, 

Е. plumosa 

1. Cells angular, irregularly placed; branched tips not ending in a 

uniseriate row of cells ...... х ~. Е. compressa 
ENTEROMORPHA PLUMOSA Kützing. 

Enteromorpha plumosa Kützing in GILBERT (19422) 30-31; TOKIDA 

(1954) 53, Pl. 4, figs. 11-16. 


Plant attached, light green, with a small dise-shaped holdfast, 
Thallus fliform, delicate irregularly or sometimes in part 
oppositely branched; branches tapering at the base, usually 
with long uniseriate tips or relatively short and monosipho- 
nous for their entire length. Cells subrectangular, more 
or less arranged in longitudinal rows, 10.8 to 25.2 » wide and 
18.0 to 82.4, long. The width of the monosiphonous parts 
ranging from 12.6 to 25.2 p wide. 

Spores present in Ordinary vegetative cells, Plate 1, fig. 1a. 

Descriptive material collection No. 1. 

Collections: Bubon I, Burgos: luxuriant green growth on tide 
pools on rocky substratum reached by spray of big waves, 
1, December 28, 1959; young growth on rocks exposed on the 
Shore, 101a, November 18, 1950. 


ENTEROMORPHA COMPRESSA (Linn) Greville. Plate 1, figs, 1a-c; Plate б, fig. 19. 
Enteromorpha compressa Greville in Ѕмітн (1944) 52. 

Plant attached, bright to dark green, with a small dise-shaped 
holdfast. Thallus tubular, branches arising from a gradually 
contracted stalk-like base entirely similar to the principal blade; 
narrow at the base gradually expanding above with a broadly 
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expanding apex. Cells angular, irregularly arranged, 10.8 to 
28.8 д wide, and 18.0 to 32.4 a long, walls not thickened. 
Descriptive material collection No. 1а. 
Collection: Bubon I, Burgos: found attached to and sub- 
merged on rock pools with Е. plumosa exposed to oceasional 
splashes of big waves and strong wind, 1a, December 28, 1959, 


Genus ULVA Linneaus, 1753 


Plants expanded, marginally attached or substipitate plane 
or crispate, lobed or elongate-laciniate; of two-cell layers. Cells 
with a single chromatophore with one or two pyrenoids. 

Asexual reproduction by 4 to 8 quadrifiagellated zoospores. 
Sexual reproduction due to biflagellate anisogametes. 

Single genus examined, Ulva. 

ULVA. LACTUCA Linneaus. Plate 1, fig. 3; Plate 6, fig. 21. 
Ulva lactuca Linneaus in CHAPMAN (1956) 388-389, fig. 821b; 
GILBERT (19422) 86-37, Pl. 1, fig. 8; SwuTH (1944) 45, Р 3, 

Frond membranous, flat, light to bright green, attached by 
an inconspicuous holdfast, irregular in outline but generally 
somewhat rounded; 6 to 31 em in diameter. Margin entire, 
undulate, lobed or folded; membrane thicker near base. Cells 
polygonal in surface view, 10.8 to 25.2 » width and 36.0 to 
18.0 » in length, 5.4 to 7.2 „ thick, adheres well to paper upon 
drying. 

Descriptive material collection No. 100a. 

Collections: Bubon I, Burgos: very abundant growth on rocky 
portions, tide pools, exposed every now and then with the ebb 
tide, 19, December 28, 1959; Bubon П, Burgos: basinlike in 
diameter, luxuriant on tide pools, anchored with a tiny holdfast 
to the rocky-sandy stratum, 21, December 29, 1959; Bubon I, 
Burgos: attached to rocks submerged during high tide, 55, April 
28, 1960: Bubon I, Burgos: small green growth attached to 
rocks or shoreline, 75, August 2, 1960. 


Order SIPHONALES 


Plants coenocytic, branched, unbranched or aggregated to more 
or less elaborate shapes, free or caleified showing differentia- 
tion of rhizoidal and assimilative portions and often of stoloni- 
ferous portions as well. The most outstanding characteristic 
is the rare production of septa, except for a certain family, 
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expanding apex. Cells angular, irregularly arranged, 10.3 to 
28.8 и wide, and 18.0 to 32.4 » long, walls not thickened. 
Descriptive material collection No. 1a. 
Collection: Bubon I, Burgos: found attached to and sub- 
merged on rock pools with E. plumosa exposed to occasional 
splashes of big waves and strong wind, 7а, December 28, 1959. 


Genus ULVA Linneaus, 1753 


Plants expanded, marginally attached or substipitate plane 
or crispate, lobed or elongate-laciniate; of two-cell layers. Cells 
with a single chromatophore with one or two pyrenoids. 

Asexual reproduction by 4 to 8 quadriflagellated zoospores. 
Sexual reproduction due to biflagellate anisogametes. 

Single genus examined, Ulva. 

ULVA LACTUCA Linneaus. Plate 1, fig. 3; Plate 6, fig. 21. 
Ulva lactuca Linneaus in CHAPMAN (1956) 388-389, fig. 321b; 
GIBERT (19422) 36-37, Pl. 1, fig. 8; Ѕміты (1944) 45, PL 3, 

Frond membranous, fiat, light to bright green, attached by 
an inconspicuous holdfast, irregular in outline but generally 
somewhat rounded; 6 to 31 cm in diameter. Margin entire, 
undulate, lobed or folded; membrane thicker near base. Cells 
polygonal in surface view, 10.8 to 25.2 » width and 36.0 to 
18.0 » in length, 5.4 to 7.2 „ thick, adheres well to paper upon 
arying. 

Descriptive material collection No. 100a. 

Collections: Bubon I, Burgos: very abundant growth on rocky 
portions, tide pools, exposed every now and then with the ebb 
tide, 19, December 28, 1959; Bubon II, Burgos: basinlike in 
diameter, luxuriant on tide pools, anchored with a tiny holdfast 
to the rocky-sandy stratum, 21, December 29, 1959; Bubon 1, 
Burgos: attached to rocks submerged during high tide, 55, April 
28, 1960: Bubon I, Burgos: small green growth attached to 
rocks or shoreline, 75, August 2, 1960. 


Order SIPHONALES 
Plants coenocytie, branched, unbranched or aggregated to more 
or less elaborate shapes, free or calcified showing differentia- 
tion of rhizoidal and assimilative portions and often of stoloni- 
ferous portions as well The most outstanding characteristic 
is the rare production of septa, except for a certain family, 
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Valoniacez which assumes, multicellular condition through а 
special process called segregative division. Coenocyte wall 
sometimes braced by ringlike thickening which divides the 
cavity into separate chambers known as trabecule. Nuclei 
and small chromatophores very numerous and pyrenoids absent 
or present, 
Key to the families 

1. Thallus stoloniferous, with variously shaped assimilators, with or 

without trabecule „...... „.. Caulerpacem 


1. Thallus not stoloniferous, made up of richly branched di- or tricho- 
tomously branched threads with Jateral utricles Codiaccæ 


Family CAULERPACEÆ 

Plants stoloniferous, giving branched or unbranched rhizoids 
below and erect branches above; the latter assuming a great 
variety of forms; central vacuole traversed by a system of 
skeletal strands called trabeculæ. 

Single genus examined, Caulerpa. 

CAULERPA RACEMOSA (Forsskål) J, Agardh vor. CLAVIFERA (Turn. Weber Van 

Bosse. 

Caulerpa racemosa (Forsskål) J. Agardh var. clavifera (Тигп.) 

Weber van Bosse in DANGANAN (1955) 41, Pl. 7, figs. 28a-28b; 
GILBERT (1942a) 189-145, (1942) 17-18; TAYLOR (1942) 34. 

Plant robust, of moderate size, stolons branched, up to 3 
mm in diameter, foliar axes up to 30 mm high, at intervals of 
1 to 20 mm. Rhizoids up to 28 mm in length, stout, finely 
branched in sandy-muddy stratum, not finely branched in sandy 
stratum, dividing immediately or 4 mm farther from the point 
of attachment to the stolon. Cylindrical axes with pyriform, 
alternately disposed ramelli, consisting of a short stalk, 0.5 
to 1 mm in length, gradually expanding to a globose end, 2 to 3 
mm in diameter. 

Descriptive material collection No. 98. 

Collections: Bubon I, Burgos: creeping, green growth on 
rocky substratum, 15, 16, December 28, 1959, green luxuriant 
growth on sandy-rocky substratum, rhizoids adhering to pieces 
of corals waist- to knee-deep at low tide growing with Udotea 
and other green alge, 93, November 18, 1960; Dirique, Pasu- 
quin: green creeping growth among corals ankle-deep on shore- 
line near PC detachment, 70, August 2, 1960; Bubon I, Burgos: 
green creeping growth on sandy-roeky stratum with Gelidiella 
acerosa and.Caulerpa sertularioides waist-deep during low tide, 
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73, August 2, 1960; Bubon II; Burgos: creeping abundant 
growth on sandy rocky substratum growing with other green 
algæ З to 5 feet deep during low tide, 102, November 18, 1960. 


Family CODIACEZE 


Plants branched, threadlike, composed of free or interwoven. 
continuously branching threads apparently pluricellular by 
constrictions. Main threads dichotomously or trichotomously 
branched with laterals that bind the main axis and compactly 
agglomerated to form a cortical layer, the swollen ends or 
"utricles" forming а pseudoparenchymatous surface. Main 
threads show constrictions especially near the points of branch- 
ing where there are annular thickenings that almost meet at 
the centers. 

Single genus examined, Codium. 


Key to the species of Codium 


1, Thallus segments not connected here and there by strands of rhizoidal 
fibers UM A ~ C. papillatum 

1. Thallus segments connected here and there by strands of rhizoidal 
fibers ин „2 

2. Thallus cylindrical throughout; 2 to 4 mm in diameter. Codium sp. 

2. Thallus more or less compressed; 3 to 6 mm broad... С. intricatum 


CODIUM PAPILLATUM ‘Tseng and Gilbert. 
Codium papillatum Tseng and Gilbert in DANGANAN (1955) 50, Pl. 10, 
fig. 47, Pl. 11, fig. 49; GILBERT (1942а) 171, ШУА (1959) 143-145, 

Pl. 12а. 

Plant dark green, up to 10 cm high, attached to substratum 
by a small circular discoid holdfast; irregularly’ subdichoto- 
mously branched; branching divaricate; segments between 
dichotomies short, young apical segments much longer, whiplike, 
cylindrical; older ones compressed, especially at the dichotomies 
usually about 5 to 7 mm broad: utricles subcylindrical to 
obovate, with truneate apices; hair scars abundant just below 
the apex of utricle, causing them to adhere to one another; 255 
io 420 p wide and 750 to 1,125 p long; gametangia elliptical 
to lanceolate-ovoid; 90 to 105 » wide, 270 to 390 » long, borne 
singly or in two's. 

Descriptive material collection No. 13b. 

Collections: Bubon I, Burgos: small green erect growth on 
rocks neck-deep during low tide, 220, December 29, 1959; Gaang, 
Currimao: green erect growth attached on pieces of small 
Yocks cast ashore after a high wind, 28, April 26, 1960; Bubon 
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1, Burgos, dark green erect growth attached to rocks neck-deep 
during low tide in association with other green alge, 63, April 
28, 1960. 

It is with some hesitation that this specimen is assigned here, 
principally because the large size of the utricles does not 
conform with the measurements (120 to 270 р broad, 640 to 
870 » long) of Gilbert (1942a) and Dafiganan (1955). How- 
ever, since the shapes of the utricles and gametangia and the 
external morphology of the plant agree so well with Gilbert's 
description of the Philippine specimen, it is felt that the plant 
should be referred to this species. 

CODIUM sp. Plate 2, fig. 6; Plate 7, fig. 21, 
Codium sp Dawson (1956) 89; GILBERT (19422) 104-172, Pl. 9-10; 
БИА (1959) 103-165. 

Plant decumbent, irregularly dichotomously branched, lax, 
often with bifid tips, intertangled, segments cylindrical, 2 to 4 
mm broad, here and there attached to one another by tufts of 
xhizoidal filaments; utriclés large, cylindrical to more usually 
clavate, 240 to 825 » broad and 785 to 1,446 в long, apices 
rounded or truneate; hairs present, usually several at the tip 
or on the zone immediately below; gametangia elliptical to 
oblong, attached near the middle of the utricle; 105 to 165 [Л 
broad and 315 to 480 » long; medullary filaments 45 to 105 в 
broad, with a characteristic bulge where the constriction or 
thickening near the base of the utricle is located. 

Descriptive material collection No. 65. 

Collections: Bubon 1, Burgos: anastomosing, dark green 
growth attached to rocks abundant on deeper parts of the sea, 
13, December 28, 1959; Gaang, Currimao: soft, dark green 
abundant growth 6 feet below sea level, 37, 40, April 26, 1960; 
Bubon I, Burgos: very abundant soft, dark green growth 10 
feet deep, attached to sandy-muddy substratum, 65, April 28, 
1960; young, green soft, wormlike entangled growth on rocks 


Gilbert(21) based on Philippine materials. However, the 
large utricles, 735 to 1,446 p length and the shape of the 
gametangia, cylindrical to generally clavate (Plate 2, fig. 6) 
does not conform with C. Geppii, which is lanceolate, oval or 
fusiform. 


Н — 
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CODIUM INTRICATUM Okamurai, Plate 2, fig. 5; Plate 7, fig. 25. 
Codium intricatum Okamurai in DAWSON (1956) 39; GILBERT (1942a) 
164-169; SEGAWA (1956) 20, Pl. 2, fig. 10; Yamana (1950) 179. 

Thallus prostrate, creeping, irregularly ` dichotomously 
branched, with the branches more or less compressed especially 
at the dichotomies, 3 to 6 mm broad; here and there attached 
to one another by strands of rhizoidal fibers; utricles sub- 
cylindrical to clavate, 165 to 315 » broad and 750 to 1,150 p 
Jong with a thin wall that is only slightly thickened at the 
apex; gametangia fusiform, 75 to 150 » broad and 255 to 360 п 
long. 

Descriptive material collection No. 13a. 

Collections: Bubon I, Burgos: green creeping, dense growth 
on ocean floor, 6 feet deep, 18а, December 28, 1959; green’ 
abundant growth attached to rocks neck-deep during low tide, 
60, April 28, 1960; young scanty growth attached to rocks sub- 
merged under water with Laurencia okamurat and Gelidiella 
acerosa, 74, August 2, 1960; dark green growth in clumps under- 
neath rock crevices waist-deep during high tide with Anadyo- 
mene stellata, 91, 91а, November 18, 1960; Buraan, Burgos: 
spongy, dark green growth on rock crevices of tide pools waist- 
deep during low tide, 124, November 19, 1960; Bubon II, Bur- 
gos: small growth attached to rocks neck-deep, 105, November 
18, 1960. 


Class PHÆOPHYCEÆ 


Plants of considerable variety in form and structure, The 
chief distinguishing characteristic is the dominance of fucoxan- 
thin, а brown pigment, in addition to the more usual carotinoid 
pigment associated with chlorophyll. Thallus corticate or ecor- 
ticate, monosiphonous to flat, mono- or polystromatie frond or 
a complex pseudoparenchymatous body exhibiting marked 
division and specialization of function. 

Only genus Hydroclathrus represents this class belonging to 
order Punctariales, family Encoeliacem. 


Order PUNCTARIALES 


Plants filiform or membranous-expanded; always paren- 
chymatous throughout and with cell division interealary and 
not definitely localized in a meristem. With unilocular or 
plurilocular sporangia only or with both pluri- and unilocular 
sporangia; sporangia either remote from one another, grouped 
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in small sori, or completely covering surface of thallus; some- 
times bearing functional gametangia and anisogametes on a 
very small filamentous phase. 


Family ENCOELIACEJE 


Sporophytes foliose, saccate, clathrate or cylindrical; usually 
unbranched; thalli parenchymatous throughout and with cell 
division intercalary; with either unilocular or plurilocular 
sporangia only, or both sporangia. 

Gametophyte microscopic, filamentous and with plurilecular 
gametangia, 


HYDROCLATHRUS CLATHRATUS (Bory) Howe. Plate 2, fig. Т; Plate 7, fig. 26. 


Hydroclathrus clathratus Howe in Dawson (1954) 403, fig. 18b; 
Fasc (1945) 110-111, fig. 39. 


Thalii fleshy pulvinate, large, brownish in color, reaching up 
to several cm in diameter, at first hollow, coarsely clathrate, 
later raptured and variously lobed and folded, perforation 1 to 
29 mm in diameter. Structurally showing a layer of small 
medullary cells on the outer periphery and large, colorless cells 
on the inner side. Hairs present, unicellular, abundant on the 
outer surface arising from ill-defined depressions. Sporangium 
not seen. 

Descriptive material collection No. 27. 

Collections: Bubon П, Burgos: small brownish growths 
attached to rocky-sandy bottom, considerably old, bigger ones 
floating, earried by the waves, 27, December 29, 1959; Gaang, 
Currimao: brownish, dirty growth attached to rocks growing 
with Colpomenia sinuosa, 32; April 26, 1960; Bubon 1, Burgos: 
scattered in association with other alge over considerable 
stretches of reef, knee-deep at lowest tide, 58, April 28, 1960. 


Class RHODOPHYCE 


Plants branched or unbranched, monosiphonous to pseudo- 
parenchymatous, expanded, of a definite macroscopic form. 
The chief distinguishing characteristic is the predominance of 
phycoerythrin, а red pigment in association with phyeocyanin 
and chlorophyll. Color ranges from red to deep purple in deep 
habitats. Plants have greenish tinge when growing in shallow 
pools exposed to a great deal of light. Food reserve is a iype 
of starch known as “floridean starch.” 
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Class Rhodophyeez is represented in this work by the Ban- 
gioidez and Floridez groups. There is a marked alternation 
of generations, the sporophytic generation bearing tetraspores 
and the gametophytic bearing earpogonia and spermatia either 
on the same or in different plants. Sexual reproduction is 
fertilization of the egg cell by a noneiliated sperm known as 
spermatium. 

Key to the subclasses 


1. Plants membranous, cells not evidently connected by protoplasmic 


strands ...... - Rangioideæ 
1. Plants not membranous, habit of various forms, cells conspicuously 
connected by protoplasmie strands .......... sss Floride 


Subclass BANGIOIDEÆ 
Order BANGIALES 


Cells forming the thallus membranous and in thickness of 
one or two cell-layers: obvious protoplasmic continuity never 
established; red, violet, or occasionally bluish-green in color; 
plastids stellate. Asexual reproduction is by naked monospores 
or fragmentation in multicellular forms; sexual reproduction 
by spermatia and carpogonia; monoecious or dioecious, fertili- 
zation resulting in the reproduction of carpospores. 

Single genus examined, Porphyra. 

PORPUYRA CRISPATA Kjeliman. Plate 3; figs. Sa—e; Plate 7, figs. 27a--b. 
Porphyra crispata Kjellman in CHAPMAN (1941) 143; Dawson (1954) 
412, fig. 24; MACCAUGHEY (1918) 148; Sect (1959) 251-253, PI. 9. 

Frond membranous, purplish-red to deep purple in color; 
expanding above into a soft gelatinous blade, 1 to 7 gregarious 
clusters growing from a minute adhesive dise with rhizoidal 
outgrowths in contact with the substrate. Blades monostro- 

matic, obovate to linear-lanceolate or roundish with minute 

marginal teeth: 1.5 to 6 em high; 1 to 3 mm broad, showing 
a ruffled character arising from intercalary growth. Vege- 
tative cells angular with round corners in surface view, 

7.2 to 32.4 н in length and 5.4 to 14.4 p in width; 3.4 to 10.8 
» thick as seen in surface view; more or less regularly arranged, 
chromatophores invisible. Carpospores in adjoning packets of 
4 to 8 near the margins spreading over the whole frond, dark 
colored, intermixed with light colored vegetative cells. Monoe- 
cious. Spermatia (Fig. 8c) light colored, mixed with car- 
pospores. 

Deseriptive material collection No. 11. 

Collections: Bubon I, Burgos: slippery, purple-reddish 
growth attached to fully exposed rocks, constantly splashed 
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by strong waves in association with other гей alge, 11, De- 
cember 11, 1959; scanty growth on rocks splash every now and 
then by spray of waves, intermittently exposed to sunshine in an 
elevated rocky portion of shore near Cape Bojeador, 67, Apri! 28, 
1960; minute purplish-pinkish with brownish tinge, abundant 
growth in clumps or in association with other alge firmly 
attached to rocks by means of a tiny holdfast on exposed 
rocky elevation in the vicinity of Саре Bojeador, 89, 

November 18, 1960. 

Subclass FLORIDEZE 
Key to the orders 

1. Plants small and wiry, of tough consistency ..... Gelidiales 
1. Plants large, not wiry, not of tough consistency Ы нана 155 
2. Growth fleshy, flattened, slippery . . Cryptonemiales 
2. Growth slender to massive, terete, cartilaginous-sturdy con- 
sistency 3 
3. Main axes and branches more often massive, 


cartilaginous 

Gigartinales 

3. Main axes and branches slender, of sturdy consistency... Ceramiales 
Order GELIDIALES 


Plants with slender, wiry, subsimple or redivided branches, 
small to moderately large; structure multiaxial and becoming 
corticated. Asexual plants reproducing by tetrasporangia, the 
sporangia generally embedded in the cortex of localized areas or 
branchlets of the thallus; sexual reproduction by spermatangia 
and earpogonia on carpogenie branches. 


Family GELIDIACEAS 


For charaeteristics, see order. 

Single genus examined, Gelidiella 
GELIDIELLA ACEROSA (ForsskM) Feldman Hamel, 

Plate 3, fig. 9a-b; Plate 7, fig. 28. 
Gelidiella acerosa Feldmann and Hamel in Dawson (1954) 422; 
TavroR (1942) 87, (1960) 351. 

Plant 5 to 11 ст tall, tough and wiry, brownish black to 
pale green in color; the basal portion decumbent, attaching 
freely by haptera to smail stony corals, bearing erect, free 
secondary branches which are often arcuate-recurved, some- 
times attached at tips. Ultimate main axes cylindrical or 
somewhat flattened above, bearing sparingly alternately 
branched, terete, filiform, determinate branchlets, 2 to 4 mm 
long, radially, secundly or pinnately disposed; tetrasporic 
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branchlets irregularly disposed, fertile branchlets more or less 
swollen at the tips; sporangia progressively developed from the 
apex; eystocarps not seen. 

Descriptive material collection No. 4. 

Collections: Bubon I, Burgos: on tiny bits of rocks slightly 
exposed at low tide, 4, December 12, 1959, Dirique, Pasuquin: 
wiry, tough greenish growth attached to rocks on protected 
pools knee-deep, 44a, April 27, 1960; Bubon I, Burgos: dirty, 
wiry, light brownish-purplish growth with other alge sub- 
merged during low tide waist-deep, 78, August 2, 1960; 
creeping, blackish-brown small growths attached to small 
pieces of rocks and coral fragments occasionally splashed 
by big waves knee-deep growing with Laurencia, 95, November 
18, 1960; Bubon И, Burgos: wiry growth creeping on 
rocks half submerged during lowest tide with Acanthophora 
spicifera and Laurencia, 167, November 18, 1960; Gaang, Cur- 
rimao: creeping sometimes erect growth in association with A. 
spicifera on crevices of big boulders knee-deep near conference 
grounds, 115, November 20, 1960; Buraan, Burgos: blackish- 
brown, dirty, creeping growth with young Dictyota and Padina 
attached to small pebbles and pieces of rocks, 86, August 3, 
1960; growing with Caulerpa racemosa ankle-deep during low 
tide attached to rocks, 126, November 20, 1960. 


Order CRYPTONEMIALES 

Plants with various shapes from filiform to fleshy-mem- 
branous; structure multiaxial or with central filament type, 
becoming corticated. Asexual reproduction by  tetraspores 
formed in sporangia at the surface of thallus, or in sunken pits 
or conceptacles; sexual reproduction by spermatangia borne on 
surface cells or in the linings of conceptacles, and with ear- 
pogonia on earpogenie branches. 


Family GRATELOUPIACEJE 

Plants terete, compressed or foliaceous, alternately radially 
or bilaterally branched; growth multiaxial; medulla of more or 
less anastomosed primary filaments often associated with more 
slender rhizoidal filaments; cortex of branched filaments, inner 
portion somewhat loose, outer part compact as seen in longi- 
tudinal view. 

Single genus examined, Halymenia. 
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HALYMENIA DURVILLAEI BORY. Plate 3, fig. 10; Plate 8, fig. 29. 
Halymenia durvillaei Rory in Соылуз and Howe (1916) 169-182; 
TayLog (1960) 416-193, Pl. 51-53, 

Plant bushy, firm, gelatinous, arising from a small basal 
dise, deep red to purplish red in color, 20 to 43 em tall. Thallus 
complanate, branched from near the base into generally 4 to 
6 major broad division, deereasing in width from base to 
apex, marginally beset with numerous subdivisions of slender, 
linear branchlets that give the bushy habit. Structurally 
showing in cross section a medulla made up of slender fila- 
ments well separated in a soft jelly; cortex of large cells 
within, small cells without, assimilating cells radially elongated. 

Descriptive materia) collection No. 66. 

Collections: Bubon J, Burgos: red, bushy growth attached 
to rocks neck-deep during low tide, 66, April 28, 1960; Dirique, 
Pasuquin: bright purplish-pinkish growth neck-deep during 
low tide attached by a small dise-like holdfast growing with 
Titanophora, Galavaura, and Liagora species on big boulders, 
110, November 19, 1960. 


Order GIGARTINALES 


Plants of various forms from filiform to fleshy membranous 
or crustose; corticated with either the multiaxial or central 
filament types of structures; asexual reproduction by tetra- 
Spores formed in sporangia scattered all over the plant just 
below the surface or in special branchlets; sexual reproduction 
by spermatia borne or surface cells of more or less restricted 
areas, and by carpogenic branches originating from the cortex. 


Key to the families 


l. Plant body cartilaginous, branched; branches terete, thick, abundantly 
papillose . Solieriacer 
1. Plant body sub-c branched 
to coarse, not abundantly papillose 


ches terete, slender 
> ... 2 
2. Thallus slender fine in growth, branch tip arcuate _ Hypneacez 
2. Thallus coarser in growth, branch tips not arcuate... Graeilariacem 


Family SOLIERIACEZE 


Plants plane or bushy, subsimple or branched; in structure 
the medulla is clearly filamentous, the cortex obscurely во, 
appearing subparenchymatous with large cells within; tetra- 
sporangia scattered at the surface, immersed, zonate; carpo- 
genic branches of three or four cells borne similarly; cysto- 
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carps with a central mass of sterile tissue; сагрозрогез 
discharged through a pore. 
Single species examined, Eucheuma muricatum. 


EUCHEUMA MURICATUM (Gmelin) Weber van Basse. 
Plate 4, fig. 10; Plate 8, fig. 30. 


Eucheuma muricatum Weber van Bosse in Dawson (1956) 40; 
TAYLOR (1960) 457-460. 

Plant large, 5 to 15 cm long or more in height; attached by 
a branching stout holdfast; texture cartilaginous; branching 
sparse, irregularly bilateral, terete throughout; young branches 
smooth, old ones abundantly papillose; cystocarps scattered 
all over the thallus, generally in papille, laterally projecting. 
Axis in cross section show a central medulla made up of 
compactly arranged small, thick-walled cells, а cortex composed 
of larger cells followed by smaller, radially elongated assimi- 
latory cells. 

Descriptive material collection No. 51. 

Collection: Bubon I, Burgos: large, papillose growth on 
rocks in association with other alge neck-deep during low tide, 
51, April 28, 1960. 


Family HYPNEACEZE 


Plants small, bushy, laterally branched, terete, branch tips 
often hooked. Structurally showing a persistent central fila- 
ment and a cortex of pseudo-parenchymatous tissue, large cells 
within and small cells without. Zonate tetrasporangia localized 
on the surface of swollen branches. Cystocarps swollen. 

Single genus examined, Hypnea. 
ПУРКЕА CHAROIDES LAMOUROUX (1813). Plate 4, fig. 12; Plate 8, fig. 31. 

Hypnea charoides Lamouroux in Dawson (1954) 424-426; TAYLOR 
(1960) 465-468. 

Plant bushy, forming soft, tangled masses about 6 to 15 
cm tall repeatedly, alternately branehed, terete, tapering to 
the extremities, large and small divisions intermixed: beset 
with long, numerous slender lateral, branchlets. Transverse 
section of thallus characterized by large medullary cells, rather 
thick-walled, 14 to 30 » thick, becoming smaller in diameter 
towards the periphery of thallus; cortical cells of a single layer 
followed by smaller assimilating cells. All structures examined 


vegetative, 
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Descriptive material collection No. 28. 

Collections: Bubon I, Burgos: small, spongy, fine growth on 
sandy-rocky places foot deep, 10, December 28, 1959; Bubon I, 
Burgos: spongy, reddish-purplish growth with small stones and 
brown growth on big rocks near shore, 42, April 27, 1960; 
Gaang, Currimao: dirty, purplish-reddish spongy growth with 
Padina near conference grounds, 68, August 1, 1960; Bubon I, 
Burgos: fine young, brownish-reddish growth with L. okamurat 
and A. spicifera attached to big rocks and small stones ankle- 
deep during low tide near the mouth of Buraan River, 83, 
August 3, 1960; luxuriant, fine, purplish-pinkish with 
brownish tinge attached to smali pebbles foot-deep at low tide 
in spongy formation or in association with other alge, 96, 
November 18, 1960 Bubon I, Burgos: brownish-pinkish erect sr 
clumpy growth attached by a hardly discernible holdfast to 
pebbles or small bits of corals on submerged rocks knee-deep 
at low tide, 108, November 18, 1960; Gaang, Currimao: brown- 
ish-pinkish clumps of fine growth attached to big rocks half- 
exposed to sunlight, splashed occasionally by big waves. 114, 
November 20, 1960; Buraan, Burgos: erect, fine spongy growth 
with A. spicifera on rough surface of big boulders or on 
stones near mouth of river, 125, November 19, 1960. 


Family GRACILARIACE E 


Plants branehed, bushy; slender to coarse; terete to strap- 
shaped, firm and often cartilaginous. Axes developing from 
apical cells forming a parenchymatous medulla and a narrow 
small-celled assimilative cortex; sporangia tetrapartite, scattered 
just below the cortex, spermatangia scattered, cut off from the 
surface cells. Single genus examined, Gracilaria. 


Key to the species of Gracilaria 

1. Thalli cylindrical, strongly constricted at base segments. G. salicornia 
І. Thalli cylindrical, slender, not strongly constricted at base of 
segments Жырды ee) 
2. Branching nondichotomous, irregular, lax throughout. G. verrucosa 
2. Branching bilateral, dense above, mainly arising in one plane. 
G. corenopifoli« 
GRACILARIA SALICORNIA (C. Agardh) Dawson. Plate 5. figs. 15-5; Plate 8, figs. 32-Ь. 

Gracilaria salicornia C. Agardh in Dawson (1949) 105, (1954) 4-5. 
Plant erect, 6 to 10 em tall, dull-reddish to brownish-purple, 


cylindrical, subcartilaginous; thalli constricted at base of 
segments, 2 to 4 in number, arising from a common point of 
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origin, divaricate, subdichotomous, 8 to 4 mm in diameter. 
Transverse section with a parenchymatous medulla slightly 
thickened and a narrow 1 to 2 layers of smail-celled cortical 
cells, smaller assimilating cells towards the periphery; rounded- 
angular in cross section. Tetrasporangia numerous, tetra- 
partite, scattered, immersed in the cortex, cystocarp not 
observed. 

Descriptive material collection No. 41. 

Collections: Dirique, Pasuguin: young dull, purplish-reddish 
growth attached to small bits of coral fragments foot deep, 41. 
April 27, 1960; greenish-purplish scanty growth on sandy- 
тоску substratum, ankle-deep during low tide, light purplish 
when decolorized, 72, August 2, 1960; Bubon I, Burgos: erect, 
robust growth with other red alge attached to big boulders 
splashed by waves every now and then at knee-deep, 98, Novem- 
ber 18, 1960; Gaang, Currimao; small, healthy brownish-pur- 
plish, erect growth with А. spicifera at times exposed, overcast 
with calcareous powder, 117, November 20, 1960; Buraan, Bur- 
gos: erect crispy, luxuriant growth with A. spicifera, Н. 
charoides and С. acerosa on protected portions of tide pools, 
123, November 19, 1960. 


GRACILARIA VERRUCOSA (Huds) Papenfuss. Plate 4, fig. 13; Plate Б, fig. 33. 
Gracilaria verrucosa Papenfuss in Dawson (1949) 13-14; (1934) 
438-429; Isaac (1956) 173-186; TAyLor (1942) 107-108, (1960) 

441. 

Plant bushy, texture firm-fleshy ; purplish to greenish-trans- 
lucent; 11 to 25 em tall, originating from a disc-like base, 
becoming free with age. Branches 1 to 2.5 mm in diameter; 
repeatedly dividing, alternately or oecasionally nearly dichoto- 
mous with numerous lateral proliferations, strictly cylindrical, 
lax throughout, ultimate branches filiform. Cortex made up 
of 2 to 3 layers of small cells, medulla of very Jarge thick-walled 
cells in the middle of the thallus, 225 to 420 p in diameter, 

Descriptive material collection No. 28. 

Collections: Bubon I, Burgos: abundant, healthy growth on 
big tide pools partially exposed during low tide entangled with 
Cutleria species, 18, December December 28, 1959; Dirique, 
Pasuquin: young, greenish-purplish growth attached to sandy- 
rocky portions of shore, 44, April 27, 1960; Bubon 1, Burgos: 
abundant, healthy growth knee-deep during low tide attached 
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to small pebbles, 99, November 18, 1960; Bobon 11, Burgos: 
abundant, brownish-greenish growth with sea-grasses knee- 
deep during low tide, 103, November 18, 1960. 

GRACILARIA CORONOPIFOLIA $. Agardh. Plate 5, fig. 14; Plate 8, fig. 34. 


На J. Agardh in Аввотт (1947) 205-206; 
; MacCaueugv (1918) 146. 


Gracilaria coronopi, 
Dawson (1949) 


Plant erect, cylindrical, one to several stipes arising out of a 
small, discoid holdfast; branching frequent, rather dense above, 
irregularly alternate but mainly arising in one plane. "lhallus 
in transverse section with a medulla of thin-walled cells largest 
in the center, surrounded by 1 to 2 cortieal layers of cells 
Sharply distinct from the large, rotund, thin-walled medullary 
cells; tetraspores scattered over the surface of almost tho 
entire thallus, embedded in the cortex immediately adjacent 
to the outermost smaller medullary cells surrounded by anti- 
clinal rows of modified cortical cells. 

Similarities in cell structure in the transverse sections of 
thallus of G. coronopifolia and G. verrucosa were observed 
though they differ mainly in the habit of branching. How- 
ever, since the reproductive structures were not observed where 
differences are expected to be found, more studies are 
recommended for this purpose. 

Descriptive material collection No, 44. 

Collecetions: Dirique, Pasuquin: small brownish-grenish 
growth attached to small bits of corals knee-deep 44c, April 
17, 1960; Buraan, Burgos: brownish-reddish growih on rock 
crevices in association with Aypmea charoides near the mouth 
of Buraan Rivar, 85, August 3, 1960; Gaang, Currimao; small, 
abundant growth underneath crevices of tide pools, attaehed 
to small pebbles in the vicinity of conference grounds, 118, 
November 20, 1960. 


Order CERAMIALES 


Plants generally slender, filamentous and branched, structure 
of the central filament type developing from an apical cell. 
Asexual reproduction by tetraspores formed in sporangia 
external or more or less covered by the cortex in ordinary 
branches or grouped in special branchlets or stichidia; sexual 
reproduction by spermatangia borne on axial filaments and 
carpogonia o» carpogenie branches borne together with sterile 
cells. 
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Family RHODOMELACE A 


For characteristics, see order. 
Two genera were examined belonging to family Rhodomelacez. 


Key to the genera of Rhodomelacex 


1. Axes without short spinclike branchlets, with small pits at apices. 
Laurencia 

1. Axes with short spinelike branchlets, small pits at apices ab- 
sent .... Le. Acanthophora 


Key to the species of Lawrencia 


1. Surface cells elongated radially in cross section of branches, covered 
with wartlike branchlets . 2 ccs. Ln papillosa 
1. Surface cells not elongated radially їп cross section of branches, wart- 
like branchlets absent .... L. okumurai 


LAURENCIA PAPILLOSA (Forsskål) Gre „ йд. 16; Plate 9, fig. 25 a-b. 

Laurencia papillosa Greville in Dawson (1954) 456-457; TAYLOR 

(1942) 135, (1900) 623-624, Рі. 74, fig. 21; Тзюха (1943) 185-207; 
Yawapa (1981) 190-191. 

Plant erect, purplish-green, subeartilaginous, up to 9 cm long, 
cylindrical, attached to substratum by rhizoidal holdfast; ix- 
regularly branch, 1 to 2 mm in diameter, naked or nearly so 
below. Тір and secondary divisions sparingly to very densely ` 
covered with short, clavate, truncate branchlets. Cystocarps 
and antheridia unknown. Surface cells as seen in cross 
section of frond strongly elongated radially and arranged like 
palisade cells; corticating cella twice as long, as broad or 
more; cell walls thick; lentieular thickening on medullary 
cells absent. 

Descriptive material collection No. 104. 

Collections: Bubon I, Burgos: erect, warty, dull purplish- 
green, abundant growth on rocks on the intertidal zone 
exposed to the waves, 6, 7, December 28, 1950; Bubon TI, 
Burgos: erect, purple-green cartilaginous growth attached to 
rock chips, waist-deep during low tide, 47, April 28, 1960; 
warty, blackish-brown with purple tinge, very abundant growth 
attached to rocks waist-deep during low tide, 104, November 18, 
1960. 


LAURENCIA OKAMURAI Yamada, Plate 5; fig. 17; Plate 9, fig. 36. 
Laurencia okamurai Yamada in Secawa (1956) 116, Pl. 29, figs. 
560-561; TsENG (1943) 185-207; YAMADA (1931) 206-207, РІ. 7, 


fig. J. К. 


e, Plate à 
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Plant егесі, purplish-blue, cartilaginous, 10 ст long ог more, 
cylindrical, 1 to 2 em thick at the base. Main axis per current 
with paniculate outline; branching alternate, opposite to 
subverticillate, terminal branchlets cylindrical or clavate with 
truncate apices; tetrasporangia present on the summit; branch- 
lets of about the same shape as sterile ones; сузіосагрѕ and 
antheridia not seen. Surface cells in cross section of branchlets 
not elongated radially, squarish, with rounded outer radial wall. 
Lenticular thickenings abundant in the walls of the meduallary 
cells. (Fig. 17.) 

Descriptive material collection No. 8. 

Collections: Bubon I, Burgos: purplish, erect, spreading 
growth in knee-deep water on coral chips, $, December 28. 
1959; purplish-biuish erect growth on small roeks waist-deep, 
where current is always agitated by waves, 90, November 18, 
1960. 

ACANTHOPHORA SPICIFERA (Vahl) Boergesen, Plate 5, fig. 18; Plate 3, figs. 3 
Acanthophora spicifera Boergesen in Dawson (1954) 456-497, (1 
62; FRrTSCH (1954) 556-558; Tavron (1960) 619-621. 

Plant erect, dull grayish-purple, attached to the substratum 
by an irregularly lobed dise; sparingly branched to bushy, 
alternately branched, terete branches of indefinite growth, 
determinate growth beset with short, spirally placed, spinous 
branchlets, these absent from the indeterminate shoots. 
Diameter of main axes 2 mm on the average; composed of 
parenchymatous central cells surrounded by smaller thin- 
walled 1 to 2 layers of corticating cells followed by the 
assimilating surface cells. 

Descriptive material collections No. 5. 

Collections; Bubon I, Burgos: small brownish-reddish spinous 
growth at low tide, knee-deep, 5, December 28, 1959; Bubon 
П; Burgos: bushy, brownish growth, 22, December 29, 1959; 
Gaang; Currimao: brownish-black, erect, abundant growth 
entangled with Hypnea and other red alge attached to rocks, 
99, November 18, 1960; Gaang, Currimao; brownish-black 
small robust growth with Gelidiella acerosa and Graci- 
leria verrucosa attached to big boulders of rocks waist-deep 
at low tide, 116, November 20, 1960; Buraan, Burgos: luxu- 
riant brownish-black growth with Gracilaria salicornia, H. 
charoides, and С. «cerosa neat mouth of Buraan River, 172, 
November 19, 1960. 


) 


A 
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DISCUSSION OF RESULTS AND RECOMMENDATION 


Majority of the seaweeds under consideration belong to the 
red alge group, a few belong to the green alge, and one to 
the brown alge. A characteristic of the red alge giving them 
economie value is the development of complex colloidal carbo- 
hydrates in their cell wall. Chemically, they are generally 
galactans. They are usually phycocolloids which readily form 
a colloidal solution when heated and a gel when cooled [Tressler 
and Lemmon (1957)]. 

Anatomical examination of cells in transverse section of the 
thallus, with special reference to the Rhodophycez, indicates 
a general tendency to be thick-walled. Agar in varying 
amounts is a constituent of cell walls of many red alge 
corresponding physiologically to the cellulose in higher plants. 
However, not all of the plants belonging to the Rhodophycee 
yield agar, a phenomenon which has not been expiained [Can- 
toria (1957)]. It makes the cartilaginous, fleshy consistency 
of the species much relished in salads. 

Of the 19 species studied, Gracilaria, Нуриса, Gelidiella, 
Eucheuma, Acanthophora and Laurencia are agar-yielding 
genera. Studies of Philippine species for agar by Cantoria 
(1951) showed that Hypnea musciformis, Gracilaria lichenoides, 
and G. canaliculata are excellent sources. 

Опе can see in Table 2 that the majority of the edible 
seaweeds of Ilocos Norte are in abundance from November 
and this reaches its peak during the summer months. Por- 
phyra crispata, Gracilaria verrucosa, Caulerpa racemosa VAY. 
clavifera, three species of Coditm, Acanthophora spicifera, 
and two species of Lawrencia grow in commercial quantities 
from November to April 1. The last three species belong to 
the culot group, which аге sold in the market in fresh or dry 
forms any time of the year. Ulva lactuca, Gelidiella acerosa, 
and Halymenia durvillaei are, likewise, abundant, but are not 
as popular as the others when these are in season. Only H. 
ckaroides and C. racemosa var. clavifera ave available from 
August to October, when the others are out of season. It 
is evident that people along the coast of this province are busy 
with "sea farming" during the dry months from November 
to April. 

Seaweeds in Ilocos Norte are mainly used for food, eaten 
raw or mixed with other viands. Enteromorpha compressa 
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(Plate 1, fig. 2 and Plate 6, fig. 20) and E. plumosa (Plate 1, 
figs. la-c and Plate 6, fig. 19), both locally known as lumot, 
are eaten raw in the form of salad mixed with sliced tomatoes, 
onion and a dash of salt. Species of Codium, Caulerpa, Hydro- 
clathrus, Halymenia, Gracilaria and Hypnea, in their decreasing 
order of demand, are sold always fresh during their season. 


Porphyra or gamet (Plate 7, figs. 27а-р), sold in dried 
form, is the most-prized seaweed and considered a delicacy 
among the Ilocanos, It is similar to the amanori or laver of 
Japan. The fresh alga is measured with a ganta, the amount 
of one ganta is evenly spread in a rectangular sawali woven 
together for sun drying. The size of the sawali determines 
the size of the resulting product after drying (Plate 7, fig. 27a). 
The prices of gamet depends upon the color and gloss of the 
mat, That which has a purplish-black silky appearance belongs 
to the first class and commands a higher price than the dull, 
brownish ones. Microscopic examination of the first class 
gamet reveals that cystocarps with glistening carpospores 
occupy the whole frond, whereas the thallus of the second 
class, which is much lighter in color (Plate 7, fig. 28), is 
composed of vegetative cells. 


Acanthophora spicifera (Plate 5, fig. 18 and Plate 9, figs. 
3Ta-b) form the greater bulk of a dried assortment of seaweeds 
locally known as culot. It is a general term given to the dried 
conglomeration of species of А, spicifera, Gelidiella acerosa 
(Plate 7, fig. 28), Laurencia papillosa (Plate 9, figs. 35a-b) and 
Laurencia okamwrai (Plate 9, fig. 36) with some Hypnea 
charoides (Plate 8, fig. 3D. The last named Species is more 
commonly sold singly in fresh condition and known in the 
llocano dialect as “eulot ti pusa.” The sun-dried forms of 
these species are stored in a dry place for future consumption 
or for sale during the rainy season. Culot, when composed of 
A. spieifera alone, commands а higher price than when in 
association with other alge of this group owing to its fleshy 
and soft consistency. Fresh and dried forms are served as 
salad. Dried culot is reconstituted to nearly fresh condition 
by blanching in boiling water for 2 minutes, rendered free 
from foreign materials and mixed with sliced tomatoes, onions, 
a little vinegar, and salt. It can also be mixed with vegetables 
for viand. Table 4 shows the different food preparations of 
the marine edible seaweeds in Ilocos Norte, 
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TABLE d-—Food preparations of marine edible seaweeds in Hocos Norte. 


Seientifie names 


Common names 


Methods of preparation. 


1. Epteromorpha plumosa Kützi 
S, Enteromorpha 
Greville 


g 
compressa (Lint) 


3. Ule tnctuea Linn. 


. Canterpa racemosa 
‘Ayurdn var. ciarifern 


(Yura. 
Weber van Bosse. 


7 Godium imricatim Okamurai 
С Софит sp. -—— 


R. Hydroclathrus clathratus (Bory) Howe 


3. Porphyra crispale Kjellman.... 


10. Gelidiella acerosa (Torsskal) Teld- 


mann et Hamel. 


11. Laurencia papillosa (Forsskal) Gre- 


ville 
12. Laurencio okamurai Yamada - 
. Acanthophora spicifera (Vahl.]Boor- 
gesen. 


14. Halymenia durrillaei Bory 


18, Eucheuma muricatum (Gmelin) Weber 


van Bosse, 


16. Hypnea charoüles Lamouroux - 


17. Gracilaria saticornia С. Ag. -. 


18; Gracilaria verrucosa (Набз) Papentuss 


19. Gracilaria coronopifolia J. Ag. 


(Forsskal) J. 


. Codium papillatum Tsong and Gilbert. 


Lumot 


Gamgamet . 


Ararucip.. 


Gamet. 


Pocpoclo. ..---- 


Eaten always in raw stato in the 
form of salad mixed with sliced 
tomatoes, onions and a dash of 
salt after а thorough washing in 
fresh water. 


Eaten in the form of salad after 
thorough washing in fresh water 
prepared аз above; could be 
cooked with vegetables for viand. 


Eaten always raw in fresh condition 
in the form of salad with sliced 
Tomatoes and a dash of salt. 


Eaten always in fresh eondilion in 
the form of salad garnished with 
sliced tomatoes and onions with 
а dash of salt. 


Eaten always raw in the form of 
salad prepared as above after 
blanching in boiling water for 
2 minutes and rendered free from 
Small crabs that breed im the 
thallus, 


Eaten raw and in dried form 
in the form of salud prepared as 
above and in the form of soup 

d sheets of Porphyra are si- 
ly made into soup, omelets 
өг broiled over live charcoal and 
mixed with sliced tomatees, onions 
und sometimes with sliced eueum- 
ber and radish plus a Witze vinegar 
in proportions to suit one's taste. 


Eaten fresh or in dried form; fresh 
‘ones are made into salad prepared 
as above; dried ones used for 
future consumption  arcreconsti- 
tuted to nearly fresh condition by 
blanching in boiling water for 
2 minutes and mixed with the same 
garnighings as ahove; could be 
mixed with vegetables for viand. 


Always eaten in fresh state and 
prepared into salad for viand. 


Always enten in fresh state in the 
form ol salad and can be added 
with vegetables for viand. 


Eaten in raw or dried form as salad 
with similar garnishíngs as abov 
dried ones are similarly recons 
tuted to nearly fresh com 
and prepared into salad. 


ion 


Eaten always in raw state in tho 
form of salad prepared as above or 
added апа cooked with vegetables 
for viand. Crude agar is extracted 
from these 3 species with Huche- 
ume munication by boiling the 
bleached thalli for а few hours till 
the gelose is extracted. ‘The 
digested portion is separated from 
the fibrous residue by straining 
while hot through sinamay cloth 
stretched over а largo vat where 
the solution Filters. Sugar is added 
aud food coloring; when cooled 
t is eut to small blocks and served 
with ice cream. 
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TABLE 5.—Conparative study of the food values of some alge and 


Ash Protein 
Аша 
tresh | dry | fresh | dry 
Per cent | Per cent | Per cent | Per еси 
Кн 


Gulaman dagat (Gre: 
Нурпеа (Hypnea ap. 
Gamet (Porphyra sp. 


Lumut jusi (Chaelomorpha tuum) 
Cladophora (Cladophora sp.) . 


VEGETABLES 
Kangkong leaves (Ipomoca aquatica) 


Talinum leaves (Talinnm triangulare) 
Kamote leaves (Ipomoca balatar) - 


Majority of the edible seaweeds of this province are served 
in the form of salads. Hydroclatkrus clathratus (Plate Т. 
fig. 26), known locally as balbalulang, is similarly prepared 
after carefully washing in fresh water. People accustomed to 
eat this particular species say that it is dangerous to eat during 
the curet season. Curet are crabs, the size of a pinhead, that 
breed in the thallus of the Hydroclathrus. Eating balbalulang 
with curet results in death in some cases. This species, 
together with Sargassum and Turbinaria, is reported by Sulit, 
et ai. (1952) to be a possible source of alginic acid. 


Salads are also made with Ulva lactuca (Plate 6, fig. 21), 
locally called gamgamet, the three species of Codium (Plate 6, 
fig. 23, and Plate 7, figs. 24-25), collectively known as pokpoklo, 
Caulerpa racemosa var. clavifera (ararusip) in Plate 6, fig. 22, 
Halymenia (gayong-gayong) in Plate 8, fig. 29 and Н. charoides 
(Plate 8, fig. 31), the three species of Gracilaria (Plate 8, figs. 
32-34) and Eucheuma muricatum (Plate 8, fig. 30). Gracilaria 
salicornia (Plate 8, figs. 32a-b) is known as canot-canot in 
Currimao and Pasuquin. 1t is eaten in Currimao, but not in 
Pasuquin and the rest of the place visited. Gracilaria verru- 
cose (Plate 8, fig. 33 is known by different common names: 
саосаоуат in Burgos and maracaoyan im Currimao (Table 3). 
Gamgamet (U. lactuca) literally translated into English means 
pseudo-Porphyra. Its habit is similar to Porphyra, only it is 
green while gamet is red. Ulva (Plate 6, fig. 21) is much bigger 
than Porphyra (Plate 7, fig. 27а). Table 5 shows a comparative 
study of the values of some alge and vegetable plants [аНег 
Sulit, et al, 1952)]. 
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vegetables [After Sulit, et al. (1952)]. 


\ m | Calcium Phosphorous Potassium | Magnesium 


fresh dry | fresh | dry | fresh | dry | fresh | dry | fresh | dry 


Percent | Per cent | Per cont | Per cent | Per cent | Per cent | Per cent | Per сєзї | Per cent | Per cent 


0.99 
6:1 | 
i 


2.498 


On the whole, red alge grow at the greatest depth while 
the brown occur mostly in places exposed at every tide turn 
or only partially submerged at the lowest tide. The green 
alge occur high up where they are exposed with the ebb and 
flow of the tides. Thus, we have the beautiful red alga, Haly- 
menia durvillaei (Plate 8, fig. 29), growing on portions of 
the sea which are neck-deep during low tide. The brilliant 
green Ulva lactuca are found on shallow rock pools of the 
upper littoral zone. Most of the algz collected for this study 
are littoral zone inhabitants. The littoral zone is the home 
of a considerable number of annuals, like the species of 
Laurencia, Acanthophora, Hypnea and Gelidiella, all belonging 
to the culot group. The characteristic richness and abundance 
of algal growth in this zone reach а maximum during summer, 
from March to April The variety of the three species of 
Codium and one of Caulerpa in this zone is noticeable. On 
the other hand the sublittoral growth are very abundant, big 
and healthy. From the Jatter comes the greater bulk of the 
commercial pokpoklo and ararusip. 


RECOMMENDATIONS 


1. Nineteen edible species of marine alge are largely eaten 
as food in 110603 Norte. Since other if not similar species are 
algo being eaten in other parts of the country, similar studies 
should be made wherever seaweeds form an important part in 


the diet of the people. 
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2. The period of gathering is generally seasonal and exploita- 
tion of algal resources appears to be continuously practiced hy 
the inhabitants of adjacent communities. This results to a 
decline in supply, which should be remedied at once. 


3. Systematic seaweed culture and utilization are necessary. 
There is a need to survey richer grounds where alge of 
economic importance occur and their seasonal abundance is 
known. This is tapping one of the probably richest natural 
resources of the country. 


4. With the known extensive shorelines, the harvesting of 
several species, especially the genus Porphyra, could be easily 
initiated by culture. The spores may be allowed to settle on 
rough surfaces of stone boulders or coarse fish nets, transferred 
to culture grounds, and allowed to grow, Harvesting may be 
done after a period of about 3 months. 


5. Better methods of harvesting, preparing and storing 
the seaweeds, should be studied and introduced since the present 
practice does not keep the products long. Unlike Porphyra, 
Gracilaria, Laurencia, Gelidiella and Acantkophora, the others, 
such as Codium, Caulerpa, Hydrocluthrus and Hypnea, are 
sold and eaten immediately after collecting from the sea. 
People will always prefer to eat highly preserved quality of 
seaweeds. 

6. On the basis of the knowledge obtained from the abun- 
dance of edible seaweeds in Ilocos Norte, a seaweed industry 
should be considered for establishment locally. Just as sea- 
weed industries in other countries have contributed amply 
to their economy, any seaweed industry in the Philippines, 
when properly managed, can be a major source of income. 
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GLOSSARY OF COMMON NAMES! 


. Acanthophora spicifera—eulot 

Caulerpa racemosa var. clavifera—ararusip; ararueip 

Codium intricatum—pocpoclo; pokpoklo; pupu-lo 

. Codium papillatum—pocpoclo; pokpoklo; pupu-lo 

Codium sp.—poepoclo; pokpoklo; pupu-lo 

. Enteromorpha compressa—lumot; guraman 

Enteromorpha plumosa--lumot 

. Eucheuma muricatum—canot-eanot 

. Gelidiella acerosa—culot; kulot 

. Gracilaria verrucosa—caocaoyan; maraeaoyan; gavarnrno; gurgura- 
man; guraman 

11. Gracilaria coronopifolia—eaocaoyan 

32. Gracilaria salicornia—canot-canot 

3. Halymenia durvillaei—gayong-gayong 

14. Hydroclathrus clathratus—balbalulang 

15. Hypnea charoides—culot ti риза; culot 

16. Laurencia okamurai—eulot 

21. Laurencia papillosa—eulot; alalocon 

18. Porphyra crispata—gamet 

19. Ulva lactuca—gamgamet; maragamet. 


eee 


© фо с 


1 Common names of the 19 species included in this paper. The common 
name first cited after each species is the one adopted in this work; the 
rest were taken from local references. 


ILLUSTRATIONS 


PLATE 1 


Fio. la-e, Enteromorpha plumosa Kützing 
2. Enteromorpha compressa (Linn) Greville 
3. Ulva lactuce Linn. 
Pug 2 
Fic. — 4. Codium papillatum Tseng and Gilbert 
5. Codium intricatum Okamurat 
6. Codium sp- 


7. Hydroclathrus clathratus (Bory) Howe 


PLATE 3 


Tic. 8а—с. Porphyra erisputa Kjellman 
Ya-b. Gelidiclla acerosa (Forsskal) Feldmann and Hamel 
20. Haybnenia durvillaci Bory. 


PLATE 4 


11. Еиейсиии muricatum (Gmelin) Weber van Bosse 
12. Hypnea charoides Lamouroux 
38. Gracilaria verrucosa (Huds.) Papenfuss 


PLATE 5 


Fie. 14. Gracilaria coronopifolia J. Agardh 
15a-b. Gracilaria salicornia C. Agardh 
16. Laurencia papillosa (Forsskål) Greville 
17. Lanrencia okamurai Yamada. 
18. Acanthophora spicifera (Vahl) Boergesen 


PLATE 6 


9, Enteromorpha phonose Küt 
30, Enteromorpha compressa (Linn) Greville 


21, Ula lactuca Linn, 
Caulerpa racemosa (Forsskål) J. Ag. var, elavifera (Титт.) 


Weber Van Bosse 
23a-b. Codium аравия 


seng and Gilbert 


Prate T 
Fic, 24. Codium sp 
25, Codium intricatum. Okamurai 
26. Hydroclathrus clathratus (Bory) Howe 
ота), Porphyra crispata Kjellman 
28. Gediella accrosa (Forsskål) Feldman and Hamel 
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Fic. 29. 
30. 

31. 

32a-b. 


Fic. 84, 
85а-Ъ, 
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PLATE 8 


Halymenia durvillaei Bory. 

Eucheuma muricatum (Gmelin) Weber van Bosse 
Hypnea charoides Lamouroux 

Gracilaria saticornia С. Agardh 

Gracilaria verrucosa (Низ) Papenfuss 


PLATE, 9 


Gracilaria coronopifolia J. Agardh 
Laurencia papillosa (Forsskål) Greville 


- Laurencia okamurai Yamada 
- Acanthophora spicifera (Vahl) Boergesen 
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PLATE 9. 


CONTRIBUTIONS TO A REVIEW OF PHILIPPINE 
SNAKES, HT 


THE GENERA MATICORA AND CALLIOPHIS 


By ALAN E. LEVITON 
California Academy of Sciences, San Francisco 18, Си {огне 


ONE TEXT FIGURE 


Two genera of small coral snakes (Family Elapide) are 
found in the Philippines. The genus Maticora is known from 
the Palawan Archipelago, Mindanao, Samar, and Jolo islands; 
Calliophis is known from Luzon, Polillo, Negros, Panay, and 
Cebu (Fig. 1). The two genera have not been taken together 
in the same island though Casto de Elera and Fischer reported 
Calliophis to have been taken in Mindanao, and Griffin listed 
Maticora from Manila, Luzon; these records are seriously 
doubted by this writer. While the Philippine populations of 
Maticora are very closely allied to populations of that genus 
extant in Borneo and elsewhere in western Indonesia and 
Malaya, the Philippine species of Calliophis is only distantly 
allied to its sole congener in western Indonesa, C. gracilis. The 
distinctness of the Philippine species of Calliophis and its 
restricted distribution in the Philippines (to the western Visayan 
and Luzon island groups) clearly indicates that the genus 
attained the Philippines long before the related genus Maticora. 

Though similar in external appearance, the two genera differ 
strikingly in the development of their venom glands. These 
glands are of normal size and placement in Calliophis. In 
Maticora they are unique; they axe exceedingly elongate and 
extend far back into the body cavity. In external appearance 
the two genera may be distinguished easily by color pattern, 
Maticora being striped, Calliophis barred on the dorsum, and 
in the Philippine species of both genera, in longitudinal dorsal 
scale rows at midbody, Maticora having 13, Caliophis 15. 

The Philippine species of these genera are treated in detail 
below. 

The writer is grateful to Dr. Robert F. Inger, Chicago 
Natural History Museum (CNHM); Dr. Ernest E. мат, 
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мобсого i.nigrotoeniato Peg 


E Maticora i bilineata 
Moficoro i. philippine 


Malicoro I. suluensis 


Calliophis c. gemicnutis 


Colliophis c. calligaster 


SIE D 


Colliophis c. meclungi 


Pig. 1. Distribution of the Philippine species and subspecies of the 
genera Maticora and Calliophis. 
Museum of Comparative Zoology, Harvard University (MCZ) ; 
Dr. Doris М. Cochran, United States National Museum 
(USNM); Mr. Charles M. Bogert and Dr. Richard Zweifel, 
American Museum of Natural History (AMNH); and Mr. 
Nell Richmond, Carnegie Museum, Pittsburgh (CM), for per- 
mission to examine specimens under their charge. Thanks 
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are also due to Dr. Gregorio 8. Meyers, Division of Systematic 
Biology, Standford University (SU), for reading and criticizing 
the manuscript as well as for permission to use the Stanford 
collections. 

This work was supported partially by a research grant from 
the Penrose Fund of the American Philosophical Society of 
Philadelphia. 


TERMINOLOGY 


Standard length: distance from tip of snout to anal opening. 
*: following locality listed under “Range” indicates specimens 
were seen from that site. 

Scale reduction formula: 15(3 + 4 [90 — 100]) 18 indicates 
that dorsal seales reduce from 15 to 13 by fusion of third and 


fourth rows (on each side) between ventrals 90 and 100. 


Genus MATICORA Gray 
Muticora Gray 2 (1834) pl 86, fig. 2 (type species Buticore 
lineata Gray, by monotypy). 
Pseudelups [nce Fitzinger (1826) Reptilla] Frraincer (1843) 28 
(type species Elaps frucatus Schneider, by original designation). 
Gongylocormus Frraincen (1843) 28 (type species Elaps bivirgatus 
Kul), by original designation). 


Doliophis Gmard (1857) 182 (type species Kieps flaviceps Cantor, 
by monotypy). 

Helminthoelaps JAX (185%) 518 [р. T of reprint] [type species 
Elaps bivirgatus Kuh), by subsequent designation by Stejneger 
(1922) 1. 

Adeniophis РЕ (1871) 578 (type species Cullophis furcatus 
nigrotacniaizs Peters, by original designation). 

Aspis [нее Laurenti (1768) Reptilia] Bamgoun (1914) 92 (type 
species Aspis intestinalis Laurenti, by original designation). 


Definition Маха extends forward beyond palatine; venom 
fangs followed after a diastema by one small tooth; head not 
distinct from neck; loreal absent; nostril between nasals; 
eye small, pupil round; body cylindrical, very elongate; tail 
short; scales in 18 longitudinal rows at midbody; subcaudals 
paired; venom glands very elongate, extending far pack into 
body eavity, and terminating in an elongate club-shaped end; 
hypapophyses present throughout vertebral column. 

Remarks.——The genera Calliophis and Maticora as now under- 
stood were established by Peters, in 1871, after he showed 
that there was a very striking difference in the structure of the 
venom glands between the two groups. Except for this 
diffrence, in which the venom glands in Maticora extend far 
back into the body cavity but in Calliophis are confined to the 
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head region, the two genera cannot be distinguished. They. 
are obviously closely related. 

Stejnegar [(1922) 7-8] reviewed the nomenclatural history 
of the nominal genus Maticora and of its synonyms. I have 
accepted his conclusions and use the name Maticora rather 
than Doliophis of earlier authors [Boulenger (1896) 399, 
Taylor (1922a) 278, et alii]. 

Nineteen nominal species and subspecies are now included 
in this genus. Two of these have been listed from the Phil- 
ippines (M. bilineata and М. intestinalis); a third, based on a 
series of specimens from the Sulu Archipelago, had been 
overlooked by all earlier authors (M. intestinalis suluensis 
Steindachner). 

Loveridge [(1944) 106] briefly reviewed the Species of 
Maticora. He regarded M. bilineata as a subpieces of M. 
intestinalis, Maticora philippina was retained as a distinct 
Species, differing from М. intestinalis in the proportionally 
smaller eye. As with other authors, Loveridge failed to 
account for Steindachner's species. 

I have seen specimen of each of the nominal Species and 
subspecies of Maticora in the Philippines, and all but one, 
M. intestinalis immaculata. Loveridge, from extra-Philippine 
localities. It is my opinion that the Philippine populations 
of Maticora are conspecific with maticora intestinalis, but in- 
sular isolation has resulted in the evolution of morphologically 
distinct geographic populations which are treated herein as 
subspecies. 


Key to the Philippine subspecies of Maticora intestinalis 


la. Black etossbars on venter do not come in contact with black of sides; 

prefrontals, and usually internasals and rostral always white (red 

in life); dorsolateral light stripe narrow, occupying only parts 

of the third and fourth, or fourth and fifth scale rows; a distinct 

white line always present on the sides, occupying the entire 

first scale row, or parts of the first and second rows, M. i. bilineata 

Tb. Black. crossbars on venter come into contact with black of sides; 

prefrontals may or may not be lighter than rest of head; 

dorsolateral stripe broad, tan to reddish brown, occupying part or 

all of the fourth, all of the fifth, and usually part of the sixth seale 
rows; no distinct white line on sides, 

2a. Prefrontals cream colored (red in life), lighter than rest of 

head; cream crossbars on venter do not extend onto side of 

body above first scale row ..... М, i suluensis 

2b. Prefrontals colored like rest of head; cream crossbars on venter 

extend onta side of body, often to the fourth seale row. 


М. i. philippina 
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MATICORA INTESTINALIS (Laurenti), 
Aspis intestinalis LAURENTI (1768) 106. 

Taxonomic notes.—Boulenger (1896) and Taylor (1922a) 
recognized two species of Maticora in the Philippines, M. bili- 
neata and M. philippina. 

Maticora, bilineata has been distinguished from M. philippina 
by its presumably larger eye, and from М. intestinalis by 
having a shorter frontal shield. Both characters have been 
found to vary considerably. Loveridge (1944) concluded that 
M. bilineata was conspecific with M. intestinalis, but differences 
in color pattern seemed to justify their separation as distinct 
subspecies. 

Maticora philippina has been distinguished from M. intesti- 
nalis on the basis of its smaller eye. In other characters, 
М. philippina closely resembles М. intestinalis from Borneo, 
Comparison of the ratio for the diameter of eye/distance to 
mouth (see Table 1) in small series of M. intestinalis from 
several islands indicates: (1) that there is considerable intra- 
population variation in this character, and (2) that the Phil- 
ippine sample (exeluding those from Palawan) tends to 
average a slightly smaller eye than samples from elsewhere. 
The marked similarity between the Philippine and Bornean 
samples which are distinguished by only one somewhat variable 


Tapie 1.—Summary of the variation in the diameter of cye/distance to 
mouth ratio in Maticora intestinalis. 


Diameter of eyes 
Island N nee to mouth 
Mean | Range 
Singapore _ 3| 0.99] 0.86-1.10 
Pulu Bakong 1 
Sumatra... э 
Pula Tockus- 1 
1 
1 
1 
| * | 
Archipelago E 18| 0.88 


* Specimens too poorly preserved to obtain accurate measurements, 


character suggests they are conspecific. In view of the fact 
that the Bornean population differs from М, intestinalis 
from Java, and elsewhere in relatively minor details of color 
pattern, it is only reasonable to conclude that the Bornean, 
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a very distinct. white line along the outer scale row, the 
black crossbars on the venter do not contact the black lateral 
color, and the light dorsolateral stripe is narrow and occupies 
parts of two rows of scales rather than the whole of two rows. 
Specimens from the eastern Philippines (excluding the Sulu 
Islands) agree with the Bornean form in color pattern, although 
there is a tendency for the black to be concentrated into rings 
rather than uniformly distributed over the dorsum. However, 
the eye tends to be smaller. Lastly, specimens from the 
Sulu Islands are similar in color pattern to typical Bornean 
specimens, but they differ in having fewer ventral shields. 

In recognition of the differences among island populations 
outlined in the paragraphs above, the following subspecies of 
Maticora intestinalis? are recognized: 

Maticora i intestinalis—Java and eastern Sumatra 
Maticora i. lincata—western Sumatra and Malaya 
Maticora i. nigrotacniata—Borneo, Celebes 

AMaticora i. bilneata—Palawan and Busuanga islands 
Maticore i. suluensis—Sulu Archipelago (Jolo Island) 
Maticora i. philippina—Mindanao and Samar islands 

It is necessary to remark on the selection of a type locality 
of the forma typica. The type locality of Aspis intestinalis 
was given by Laurenti as "Africa. This is obviously erroneous. 
According to Laurenti’s description, however, it is evident 
that his specimen belongs to the Javanes-east Sumatran popu- 
lation, for he indicates that the mid-dorsal stripe is bifurcated 
in front of the eyes: 

Corpore aequali tenui; linea longitudinali dorsi, & laterum; dorsali 
ante oculos bifurcata. 
1 hereby select the island of Java as type locality of Aspis 
intestinalis Laurenti. 

Diagnosis—Venter usually with an alternating series of 
black and light crossbars; head, at least posteriorly, dark, sub- 
caudais 15 to 33. Standard length: (2) 578 mm, f9) 505 
mm; taii length: (4) 47 mm, ($) 40 mm. 

Descriptive notes.—Maxillary teeth 1--1 (one fang followed 
after a diastema by a small tooth); diameter of eye equal to 
0.5 to 1.4 times the vertical distance {о the mouth; snout 
rounded; rostral about as broad as deep; prefrontals more 

2Loveridge (1944) described М. intestinalis immaculate from Sarawak, 
Borneo, based on a single specimen which differed from typical Bornean 
individuals in lacking black crossbars on the venter. Т strongly suspect 
that the example Loveridge had before him was abnormal in this 


character. 
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than twice as large as internasals; frontal slightly longer than 
broad, more than two times as broad as supraocular, as long 
as the distance to the rostral or beyond; nasal large, sub- 
triangular, tapering posteriorly, undivided, with large nostril 
loreal absent; ргеосшаг 1, in contact with nasal and eye; 
postoculars 2; 1 large anterior temporal; 6 upper labials; 
third shield highest, third and fourth border orbit; 5 lower 
labials, the first pair in contact behind mental, the first 
three shields in contact with anterior chin shields; both pair 
of chin shields about equal in size; scales in 13 Jongitudinal 
rows throughout; dorsal scales reduce 15 (-2 [3-9]) 18; 
caudodorsal scales reduce 6 (2 + 8 [5-20]) 4; ventral and 
subeaudal counts see Tables 2 and 3 (counts according to 
Boulenger [(1896) 402] range as follows: ventrals 197 to 273; 
subcaudals 15 to 33); anal plate undivided. 

Hemipenes extend to twelfth subcaudal plate, forked at 
tenth plate; sulcus spermaticus unforked; walls of organ 
uniformly spinose except at basal end. 

Color (in alcohol) variable but basically dark brown to 
black above usually with a light mid-dorsal stripe, a light brown 
dorsolateral stripe, and frequently a light lateral stripe; below 
with an alternating sequence of black and light crossbars; tail 
cream above and below with black annuli. In life the cream- 
colored areas are probably red. 

Inter-island variation —Inter-island variation in color pattern 
and diameter of eye versus vertical distance to the mouth 
have already been discussed (see taxonomic notes above). 

Variation in ventral and subcaudal counts cannot be clearly 
associated with geographic variation in all cases. The lowest 
ventral counts are found among specimens from: the Riou 
Archipelago and Malay Peninsula and among specimens from 
the Sulu Archipelago. The Malay-Riou populations have already 
been distinguished as distinct subspecies on the basis of color 
pattern, and the tendency toward a lower ventral count may be 
an additional distinguishing character. 

Among specimens from the Sulu Archipelago, one examined 
here, and sixteen others reported on by Steindachner [ (1891) 
295], the number of ventrals for both males and females 
ranged from 197 to 218. The similarity in color pattern 
obviously relates the Sulu sample to the Bornean population. 
However, specimens from Borneo as well as elsewhere in the 
Philippines average 30 to 40 venirals more than the average 
of the Sulu Archipelago sample (compare diagnoses of 
subspecies). 
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In subcaudal counts the Javanese sample seems to average а 
slightly lower count in both sexes. The differences, however, 
are not great, and it is doubtful that any significance can be 
attached to them. 

Body proportions are quite similar for all samples; they are 
subject to a marked sexual dimorphism. No inter-island varia- 
tion could be detected in these proportions. 


Tarte 2—Summary of the variation in the number of ventral shields 
in Maticora intestinalis. 


Male. Female 


Island 
N | Mem | Range | М] Mean 


2| 222.0 | 215-229 | 2) 249.5 
209.0; 


Singapore 


Tula Bakong 


Sumatra - 
Pulu" 


a 2} 251.5 | 230-953 | 6j 279. 


ekus. 


Borneo (Kinabalo) -- 238.0 


Jalo - 


Samar _ 


Balaba: 


252.6 
234.0 | 232-37) 1 


Palawan 


Rusuanga ...- 


Taste 3—Summary of the variation in the number of subcaudal shields 
in Maticora intestinalis, 


Male Female 


Island -— + с 
N | Mean ; Range | Nj Mean | Ranee 


20.3 20-21 


Singapore - "I" 


Palu Bakong -- 
Sumatra ~ 
Puju Tockus. 
Java. 
Borner 
Jolo .-- 


Mindanao- ~ 


Samar. 

Balabac 

Palawan - asa) 21-31 а] 23.6 
Busuanga -- 27-28) 1 


a This does not inclade Steindachner's data 70189 259% 
se Тай damaged. 
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MATICORA INTESTINALIS BILINEATA (Peters). 


Callophis bilincatus PETERS (1881) 109 (type loe: “Palauan” 
[ = Palawan Island]; type in Berlin Museum; original deserip- 
tion); Воқттскк (1886) 117 (listed). 

Adeniophis bilineatus BouLencer (1894) 84 (Balabac, Palawan; 
description); ВокттвЕ (1895) 5 (Rusuanga; counts, distribution). 

Doliophis bilineatus BovLencer (1896) 404 (Balabac, Palawan 
[Puerto Princesa], Mindanao [doubtful]; synonymy, description, 
counts); BOETTGER (1898) 124 (Palawan, Culion; listed) ; (1911) 
266 (distribution compiled; listed in key); TAYLOR (1022a) 274, 
p. 34, figs. 5-6, pl. 25, fig. 3 (Palawan [Iwahig], Mindanao 
[doubtful]; synonymy, description, variation, measurements and 
counts of material examined, common names, distribution). 

Maticora. intestinalis bilincata LovgRIDGE (1944) 106 (listed in key); 
Leviton (1961) 102 (listed in key; Balabac, Busuanga, Culion, 
Palawan), 


Range.*—BALABAG ". Busuanga: Borac Bay *; Sungai *. PA- 


LAWAN: Iwahig*; Puerto Princesa ?. CULION, 


Material examined (18).—BALABAC: without exact locality 
(CM 2568). BUSUANGA: Borac Bay (SU 13235); Dimaniang 
(CNHM 58555); Sungai (SU 13234); without exact locality 
(CAS 62068). PALAWAN: Iwahig (CAS 62169 and 62170); 
Puerto Princesa (CAS 15814); without exact locality (CAS 
62145 and 62146; CM 2569; USNM 38878; CNHM 15018, 
15020, and 15021). PHILIPPINES: without exact locality (CAS 
15347; CNHM 41120 and 41121). 

Diagnosis.—Dlaek crossbars on venter do not come in contact 
with black on side of body; prefrontals, and usually internasals, 
rostral and first 2 upper labials white (alcohol specimens) ; a 
distinet white line always present on side of body between 
first and second scale row, or the first scale row completely 
white; dorsum of tail with two or three black rings, otherwise 
гей or cream but no black. Standard length: (2) 464 mm, 
(9) 431 mm; tail length: (4). 39 mm, ($) 28 mm. 

Seaual dimorphism.—The small size of the available sample 
does not lend itself to adequate statistical analysis. Casual 

*Boulenger [(1896) 404] and Taylor [(1922a) 27] include Mindanao in 
the range of M. i. bilineata, Taylor's record is based on that of Boulenger. 
The latter had before him four specimens of this subspecies, one from 
Palawan, one from Balabac, and two said to have come from Mindanao. I 
doubt that M. i bilineata occurs in Mindanao and suspect that the 


specimens from Mindanao which Boulenger had before him belong to 
M. i. philippina. 


улен 
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examination of the data suggests the sexes do differ in ventral 
counts, but not in subcaudal counts or point of reduction of 
the dorsal caudal scales from 6 to 4. This last point is of 
interest for it suggests that the tails of males and females 
are essentially of the same shape despite the presence of the 
paired copulatory organs in the tails of the former. 

In the tail length/standard length ratio the differences be- 
tween sexes are very marked, females have proportionately 
shorter tails and longer bodies than the males (see Table 4). 


Tase 4.—Summary of variation between sexes in the ratio of the tail 
length/standard length in Maticora intestinalis bilincata, 


Sex N | Mean | Range 


13 | 0.092 | о.0ви-0.097 
a | 0.067 | 0.065-0.071 


MATICORA INTESTINALIS РИНЛРРУМА (Günther). 

Elaps intestinalis var. GUNTHER (1858) 280 (Philippines; color 
pattern). 

Callophis intestinalis GÜNTHER (1859) 82, pl 16, figs. A. & а 
(Philippine Islands; descriptions). 

Callophis intestinalis var. Philippine GÜNTHER (1864) 349 (Type 
loe: Philippine Islands; typo in British Museum; original descrip- 
tion; Meyer (1870) 368 (notes presence of elongate venom glands). 

 Adeniophis philippinus Maver (1886) 614 (south Mindanao; remarks; 
‘on venom gland and relationships); Bozrramm (1886) 117 (listed); 
Casto de Elera (1895) 441 (listed). 

Doliophis philippinus BOULENGER (1896) 404 (redescription of type 
specimen); BOErTGER (1898) 124 (Mindanao; listed); GRIFFIN 
(1911) 266 (Luzon [Manila]; listed in key); Tavton (1918) 261 
Mindano [Zamboanga City]; listed); (1922a) 277, pl. 38, figs. 1-2 
(Luzon [Manila]), Mindanao) [Bunawan; Zamboanga]; synonymy, 
description, measurements and counts of material examined, vatia- 
tion; habits); (1922b) 301 (Mindanao [Zamboanga]; notes on 
specimen). 

Maticora philippina Lovermos (1944) 106 (listed in key). 

Maticora intestinalis philippina LEVITON (1961) 102 (Mindanao, 


Samar; listed in key). 

Range^—LUZON: Rizal Province (Manila), MINDANAO: 
Agusan Province (Bunawan *); Davao Province (Todaya *): 
Lanao Province (Lake Lanao*) ; Misamis Occidental Province 

^] suspect that the specimens of Doliophis bilineata recorded by 
Boulenger [(1896) 404] from Mindanao belong here. 

024148——8 
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(Misamis *); Zamboanga Province (Miatan*; Zamboanga 
City *). Samar: without exact locality *. 

Material examined (12)—Mindanao: Agusan Province. 
Bunawan (CM 2579 and 2580). Davao Province: Todaya 
(CNHM 58557 and 53558). Lanao Province: Lake Lanao 
CAS 15349). Misamis Occidental Province: Misamis (SU 
15984). Zamboanga Province: Miatan, Katipunan (CNHM 
68918) ; Zamboanga City (CAS 62031); without exact locality 
(CAS 15348). Samar: without exact locality (USNM 53536). 
PHILIPPINES: without exact locality (MCZ 23842 and 25843). 

Taxonomic notes.—'The type specimen of this subspecies was 
collected at an unknown locality within the Philippines. 
Boulenger's deseription of the specimen suggests it is most 
similar to a single specimen I have seen from Samar Island. 
However, the ventral count is very low (three are 18 shields 
less than the minimum number of shields counted among 
specimens examined here). The count seems to be closer to 
specimens from the Sulu Achipelago. In view of the doubtful 
origin and equally doubtful association of the specimen, І am 
reluctant to select a type locality at this time. Should an 
examination of the type specimen indicate that it belongs to the 
Sulu Archipelago population, then the nominal subspecies, or 
variety of Giinther, Callophis [sic] intestinalis philippinus, 
would be conspecific with Callophis [sic] intestinalis suluensis 
Steindachner, and a new name would have to be proposed for 
the population inhabiting the main islands of the Philippine 
group. 

Diagnosis.—Black crossbars on venter contact black on 
Sides; dorsolateral stripe broad, tan or reddish brown; no 
distinct white line on sides along outer scale row; prefrontals 
colored as rest of head; cream crossbars on venter extend onto 
side of body, often to fourth scale row; ventrals 232 to 285, 
Standard length: (4) 578 mm, (9) 505 mm; tail length (4) 
47 mm, ($) 40 mm. 

Descriptive notes.—Diameter of eye/vertical distance to 
mouth 0.65 to 1.00 (mean = 0.88) ; frontal about as long as its 
distance from rostral; ventrals and subcaudals see Tables 2 
and 3; dorsal scales reduce 17 (-2 [3-5]) 15 (-2 [6-91) 13; 
caudodorsa! scales reduce 6 (2 + 3 [5-201) 4 (1+2 [19-28] ) 
2. 

Cream colored crossbars on venter extend onto sides and on 
oceasion touch dorsolateral stripe; 29 to 45 black crossbars 
on venter, 1 to 3 wider tail. 


| 
| 
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Color (in life) ©... above а dark yellowish brown, each scale edged 
with darker; a median darker line, beginning on neck, continuing the 
length of body, broken occasionally by a yellowish spot; on either side 
of this darker median line are 2 lighter stripes, below which the ground 
color breaks into bands which encircle belly; these narrow ventrally 
and number 43 on body, with 2 on tail; below, they are dark brown 
to black, covering 4 or 5 ventral scales, and are separated by orange 
colored bands, which cover 2 or 3 ventral scales but narrow on sides; 
they extend usually to fourth row of scales; the irregular series of 
dim light spots on the median dorsal dark line are between the ends 
óf the light abdominal bands; head brown, with indistinct darker shading; 
darker between eyes and on tip of snout; a black spot in the middie of 
sixth labial; chin variously mottled with brown and light; first labials 
with light spots; a white line crosses sixth labial; chin spotted with 
dark; bands under tail a brilliant scarlet, much wider than those on 
belly, almost. surrounding tai" [Taylor (1922а) 278.] 


Sexual dimorphism—The most striking differences between 
males and females of this subspecies lie in the subcaudal counts 
and in the tail length/standard length ratio, As expected, 
females have fewer subcaudals and shorter tails (see Tables 


8 and 5). 


Tanta 5.—Summary of variation between sexes in the ratio of tail length! 
standard length in Maticora intestinalis philippina. 


Bex | N} Mean | Range 


в | 0.093 | 0.084-t.10 
- | 4| 0.068 | 0.059-0.073 


There is no clear difference between sexes in ventral eounts; 
there js an extensive overlap in the range of ventral counts, 
The mean number of ventrals is slightly lower in males, 
however, and more adequate sampling will probably demonstrate 
that the number of ventrals is subject to sexual dimorphism. 

Although it was thought that the number of black crossbars 
on the body might differ between sexes, such has not proved 
to be the case. In three females the number of crossbars range 
from 29 to 45; two females from Davao Province range from 
29 to 36. ‘The number of crossbars in four males range from 


31 to 40 (mean = 38.3). 


MATICORA INTESTINALIS SULUENSIS (Steindachner). 
sis STEINDACHNER (1891) 205 (type loc: 


Callophis intestinalis sulue 91) pe 
in Vienna Museum; original description). 


Sulu Archipelago; type 
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Ronge'*—SULU ARCHIPELAGO: Jolo *. 

Material examined (1).—JO0Lo: without exact locality (SU 
15988). 

Diagnosis.—Black crossbars on venter contact black on side; 
dorsolateral stripe broad, tan or reddish brown; no distinct 
white line on sides along outer scale row; prefrontals cream 
colored (specimen in alcohol), or at least lighter than rest 
of head; cream colored crossbars on venter do not extend onto 
side of body above first scale row, ventrals 197 to 218. Stand- 
ard length: (а) 372 mm; tail length: (2) 33 mm. 

Descriptive notes—Diameter of eye/distance to mouth 0.75; 
frontal equal to length of snout; ventrals 197 to 218; sub- 
caudals 24 to 33; dorsal scales reduce 17 (-2[4-5]) 15 (-2[9]) 
13; caudodorsal seales reduce 6 (2 + 3 [17]) 4 (at tip) 2; 
39 black erossbars on venter, 8 on underside of tail. 


Genus CALLIOPHIS Gray 

Calliophis GRAY (1834) pl. 86, fig. 1 (type species Calliophis gracilis 
Gray, by monotypy). 

Brachyrhyuchus (пес Laport (1832) Hemiptera) FITZINGER (1843) 
28 (type species Elaps calligaster Wiegmann, by original designa- 
tion). 

Eos Сёхтн=п (1859) 79 (erroneous subsequent spelling). 

Hemibungorus PETERS (1862) 638 (type species Elaps calligaster 
Wiegmann, by monotypy). 

Definition —Maxilla extends forward beyond palatine; venom 
fangs foliowed by a diastema and then by from 1 to 5 small, 
Solid teeth; head not distinct from neck; loreal absent; eye 
small, pupil round; body cylindrical, elongate; tail short; scales 
smooth, in 13 or 15 longitudinal rows throughout; subeaudals 
paired (rarely single in C. macclellandi; hypapophyses devel- 
oped throughout vertebral column; venom glands confined to 
head region (compare definition of genus Maticora). 

Remarks.—Smith [ (1943) 419] united Calliophis and Hemi- 
bungarus having shown that maxillary teeth are present in 
species of Calliophis said to have none. According to Smith 
only C. gracilis and С. macclellandi lack solid maxillary teeth 


* This subspecies in known with certainty only from Jolo Island in the 
Sulu Archipelago. According to Steindachner, his specimens were 
collected in the “Sulu Inseln.” It is not known whether Steindachner 
was referring to the whole of the Sula Archipelago or to Jolo Island, 
whose old name was Sulu Island. In any event, this subspecies is 
known with-eertainty only from Jolo, which island I hereby select as 
type locality of Steindachner’s subspecies. 


| OO 
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behind the anterior fangs. I have examined specimens of C. 
gracilis from Kelantan, Malaya, and C. macclellandi from Sik- 
kim, India and Kosempo, Formosa. In each case a very small, 
solid maxillary tooth was found a short distance behind the 
grooved front fang. 

Smith [(1943) 418], Boulenger [(1896) 396], and others 
have used Günther's amended spelling Callophis for Gray's 
nominal genus Calliophis. Günther's name by reason of its 
status as an erroneous subsequent spelling and a junior syno- 
nym, does not have any separate status in nomenclature from 
Calliophis Gray, and it must be replaced by Gray's spelling. 

Taylor [(1922а) 268-273] included three species of Hemi- 
bungarus (= Calliophis) in the Philippine herpetofauna. Of 
these, Hemibungarus collaris (= Elaps collaris Schlegel) was 
shown by Schmidt [(1937) 362] to belong to genus of South 
American elapid snakes [see also Thompson (1913)]. He 
transferred Е. collaris Schlegel, together with its total syno- 
путу, including Elaps gastrodelus Duméril Bibron, and Du- 
méril (which he did not see), to Leptomicrurus. At my 
request Dr. Jean Guibé of the Museum d'Histoire Naturelle, 
Paris, re-examined the type of Elaps gastrodelus and concluded 
that it must be placed in the synonymy of E. collaris Schlegel 
(= Leptomicrurus collaris) as suggested by Schmidt. Elaps 
callisgaster Wiegmann and Hemibungarus mcclungi Taylor, the 
two remaining species recognized by Taylor, and the nominal 
species Hemibungarus gemianulis Peters, which has usually 
been placed in the synonymy of Elaps calligaster, are properly 
included in the Philippine fauna. 

The three nominal species of Calliophis from the Philippines 
are considered to be conspecific and are treated herein as a 
single species. However, insular isolation has resulted in the 
differentiation of the species into three geographically distinct 
populations; these are accorded subspecific rank. 


Key to the subspecies of Calliophis calligaster 


ody not divided by narrow white annuli; 


ia. Black rings on dorsum of bi з п 
th melanin; white annuli on 


temporal region hesvily pigmented wi 
dorsum usually less than 60. 

2a. Ventrals: а, 223 to 288; 9, 252 to 259 

2b. Ventrals: g, 206 (2 specimens) .. c gi 

1b. Black rings on dorsum of body divided by narrow white annuli; 

temporal region not heavily pigmented with melanin; white annuli 


on dorsum usually more than 60; ventral; 4, 197 to 216; 9, 218 to 
227 C. с. gemianulis 


C. c. calligaster 
С. с. mechiigi 
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CALLIOPHIS CALLIGASTER (Wiegmann). 
Elaps calligaster WIEGMANN (1884) 253, pl. 20, fig. 2. 


Taxonomic notes—C. calligaster is endemic to the Philip- 
pines; at least it has not yet been taken outside of the political 
boundaries of the Archipelago. It has been recorded from 
many of the larger islands in the Philippines, and it may be 
presumed that future collecting will demonstrate its presence 
on others as well. At present specimens have been collected 
on Luzon, Polillo, Panay, Negros, Cebu, and have been reported 
from Mindanao and elsewhere (see footnote 6.) 

Specimens of C. calligaster from Luzon are characterized 
by high ventral counts.and a color pattern in which the black 
rings are not divided by narrow white bands on the dorsum, 
though on the venter these black rings are occasionally divided 
by white crossbars. The lower portions of the temporal region 
are heavily pigmented with melanin (absent in young speci- . 
mens). These characters agree in detail with Wiegmann's 
description and color plate of E. calligaster, based on a specimen 
said to have come from Manila. The Luzon population, there- 
fore, must be regarded as the typical population. 

Panay, Negros, and Cebu specimens have fewer ventrals 
than those from Luzon; furthermore, the black rings are 
divided on the dorsum by narrow white annuli which extend 
onto the venter; and the lower portions of the temporal region 
tend to lack the concentration of melanin pigment characteris- 
tie of the Luzon population. The lack of differentiation among 
specimens from Negros, Panay, and Cebu permits their group- 
ing into a single “Visayan sample.” Peters’ nominal species 
Hemibungarus gemianulis, characterized as having black rings 
and half-rings more numerous than in Н. calligaster and а 
whitish temporal region, appears to be based upon a specimen 
taken from one of these western Visayan Islands. 

In 1922a, Taylor described Hemibungarus meclungi from 
Polillo Island. This species was separated from H. calligaster 
because of its lower ventral count, absence of a black inter- 
ocular bar, and proportional measurements. Taylors specimen 
was a juvenile. Unfortunately, it was destroyed in 1942. 
A second specimen obtained by Taylor, іп 1922, on Polillo 
Island and still in existence bears out some, but not all his con- 
clusions. The existing specimen differs from Luzon individuals 
in its lower ventral count. 16 does not differ in proportional 
measurements or in color pattern. The single character serving 
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CALLIOPHIS CALLIGASTER (Wiegmann). 
Elaps calligaster WiEGMANN (1884) 253, pl. 20, fig. 2. 


Taxonomie notes—C. calligaster is endemic to the Philip- 
pines; at least it has not yet been taken outside of the political 
poundaries of the Archipelago. It has been recorded from 
many of the larger islands in the Philippines, and it may be 
presumed that future collecting will demonstrate its presence 
on others as well. At present specimens have been collected 
on Luzon, Polillo, Panay, Negros, Cebu, and have been reported 
from Mindanao and elsewhere (see footnote 6.) 

Specimens of C. calligaster from Luzon are characterized 
by high ventral counts and a color pattern in which the black 
rings are not divided by narrow white bands on the dorsum, 
though on the venter these black rings are occasionally divided 
by white crossbars. The lower portions of the temporal region 
are heavily pigmented with melanin (absent in young speci- . 
mens). These characters agree in detail with Wiegmann’s 
description and color plate of E. calligaster, based on a specimen 
said to have come from Manila. The Luzon population, there- 
fore, must be regarded as the typical population. 

Panay, Negros, and Cebu specimens have fewer ventrals 
than those from Luzon; furthermore, the black rings are 
divided on the dorsum by narrow white annuli which extend 
onto the venter; and the lower portions of the temporal region 
tend to lack the concentration of melanin pigment characteris- 
tic of the Luzon population. The lack of differentiation among 
specimens from Negros, Panay, and Cebu permits their group- 
ing into a single “Visayan sample.” Peters’ nominal species 
Hemibungarus gemianulis, characterized as having black rings 
and half-rings more numerous than in Н. calligaster and a 
whitish temporal region, appears to be based upon a specimen 
taken from one of these western Visayan Islands. 

In 1922a, Taylor described Hemibungarus mcelungi from 
Polillo Island. This species was separated from Н. calligaster 
because of its lower ventral count, absence of a black inter- 
ocular bar, and proportional measurements. Taylor's specimen 
was а juvenile. Unfortunately, it was destroyed in 1942. 
A second specimen obtained by Taylor, in 1922, on Polillo 
Island and still in existence bears out some, but not all his con- 
clusions. The existing specimen differs from Luzon individuals 
in its lower ventral count. It does not differ in proportional 
measurements or in color pattern. The single character serving 
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to differentiate Н. mcelungi from typical Н. calligaster certainly 
does not suggest specific separation. 

ү It should be noted that Taylor’s description of С. calligaster 
is based upon an individual from Panay Island; his illustrations 
(Plate 38, figs. 1 and 2, and Plate 34, figs. 1 and 2) are obviously 
of Luzon specimens. 

Diagnosis—Scales in 15 longitudinal rows throughout; 6 
supralabials (rarely 7); anterior temporal in contact with 2 
upper labials; preocular in contact with nasal; color pattern 
consists of an alternating series of broad black апа red rings 
which are separated by narrow white annuli (in the adult the 
dorsal and lateral portions of the red rings become heavily 
suffused with black pigment. Standard length: (2) 519 mm, 
(9) 476 mm; tail length: (2) 32 mm, (9) 28 mm. 

Descriptive notes.—One large venom fang followed after 
a considerable diastema by a small, solid tooth; rostral broader 
than deep; internasals smaller than prefrontals; frontal longer 
than broad, equal to or slightly longer than its distance from 
snout, 1.5 times as broad as supraocular, shorter than parientals; 
latter shields in contact with upper postocular only; nasal 
large, divided, in contact with at least 2, but more frequently 
3 upper labials and with preoeular; nostri] large, between two 
nasals; 1 real absent; 1 preocular; 2 postoculars; 2 anterior 
temporals, the upper shield in contact with both postoculars, 
the lower with 2 upper labials; 6 upper labiais, rarely 7, the 
third and fourth bordering orbit; 7 lower labials, the first pair 
usually in contact behind mental, the first four in contact with 
large anterior chin shields; scales in 15 longitudinal rows 
throughout; caudodorsal scales reduced from 6 to 4 near tip of 
tail; ventrals and subcaudals see Table 6 or account of sub- 
species; anal plate single. 

Hemipenes extend to the seventh or eighth subcaudal plate, 
forked near tip; proximal two-thirds spinose, the spines of 
moderate and subequal size throughout; distal third ealyculate, 
with minute spines set into margins of calyces. 

Color (in alcohol); snout, nasal, and first 2 upper labials 
creamy yellow; dorsum of head (їп adults) reddish brown to 
black, this color extending onto the third and fourth upper 
Jabials and may extend onto the temporal shields; а white 
postocular bar almost reaches the frontal, and a white stripe, 
originating at the angle of the jaws, passes forward and. 
upward and ends either at or on the parietals. In the young 
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the dorsum of the head is cream, with a black interocular bar 
{very rarely absent), and occasionally a black median longi- 
tudinal stripe on the parietals present; the black rings on the 
body, which may or may not be divided by narrow white 
annuli, alternate with an equal number of black crossbars 
{red or cream in young specimens, and red or cream on the 
venter in adults) and are separated from the crossbars by 
narrow white annuli. 


Ontogenetic variation—Most pronounced in this species is 
the notable change in coloration which occurs during develop- 
ment of the individual from juvenile to adult. In young Speci- 
mens, arbitrarily considered as individuals less than 270 
mm in standard length, there is an alternating series of black 
and cream (in alcohol specimens, red in life) rings. These 
rings lack melanin pigment which invades the area in the 
adults. There is little melanin in the frontal, parietal, and 
temporal regions of the head, other than the concentration 
in the form of an interocular bar and nuchal chevron. The 
adults contrast sharply with the young for the dorsal portions 
of the red or cream rings become heavily infused with melanin 
as do also the shields of the posterior portion of the head. 


TABLE 6—Summary of the variation in the number of ventral shields 
in Calliophis calligastera 


Female Male 


Island 


N | Mean 25.0. | Tange | М | Mean +8.D, | Range 


B| 254.34+2.27 | 249-259 | 15 | 227.54&3.11 | 223-233 
1 206 
Е: 231 

8| 2225.42.85 | 218-227 | 8| 208.844.933 | 202-216 

1 эа |... 3 397.3 196-199 
1 201 


“Includes data only from specimens examined. Literature records are excluded. 


Inter-island variation—Specimens from Panay, Negros, and 
Cebu islands appear to form a homogeneous group and are 
treated as a single sample, Specimens from Luzon, and a single 
recorded individual from Samar Island, reported by Peters 
[ (1861) 689], constitute a second sample. The Polillo Island 
sample is based upon two specimens, one of which is no longer 
in existence. 

Variations occurs in the amount of pigmentation in the 
temporal region and in the tendency for the black rings to be 
divided on the dorsum by narrow white annuli. Specimens 
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from Luzon, Polillo, and Samar do not have the black rings 
paixed on the dorsum, though a short white crossbar may divide 
these rings on the venter. Specimens from Negros, Panay, 
and Cebu, on the other hand, have paired black rings, though 
the white annuli which divide the black rings may become 
somewhat obscure in large adults. As a result there is 
marked difference in the number of white rings present in the 
dorsal color pattern between the Visayan sample and those 
from other islands (see Table 7). The number of white rings 
for the entire sample of C. calligaster averages 63.6. If the 
Luzon and the Visayan samples are treated in a 2 X 2 
contingency table, i. е., the number of specimens having more 
than 65 white annuli and the number having less than this 
number from each sample, the differences between the Visa- 
yan and Luzon samples prove to. be statistically significant 
(see Table 8). 


TABLE T.—Swmonary of variation in the number of white annuli on the 
dorsum of the body in Calliophis calligaster, 


Island N | Mean + 8.D. | Range 


12| 51.045.383 44-75 
ra 46 
2 60-83 


Luzon .. 
тойо. 
Visaya (Negros, Panay, Cebu) 


TABLE 8.—Analysis of variance in the number of white annuli on the 
dorsum of body in two samples in Calliophis calligaster. 


Luzon | Visaya 


White annuli> 65- 
White annuli <65.. 


Chi-square = 107 (Yates correction) 
P= < 0.01 


No significant differences could be detected in the number of 
black rings in the samples being compared providing the paired 
rings in specimens of the Visayan sample are treated as if 
they were undivided. 

As previously noted the amount of melanin pigment present 
in the temporal region also varies. Excluding young specimens, 
of 16. Visayan specimens exhibiting the adult color pattern, 
only 2 showed a tendency to darkening in this area. Of 
fourteen Luzon specimens having adult coloration, all were 
heavily pigmented in this region.. This was also true for the 
single Polilllo specimen available for study. 
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TABLE 9.—Determination of sex of specimens examined by Boulenger in 
Calliophis calligaster. 


- Boulenger Battersby? 
Specimen number і Fus ween ae es 
е 29| e 299-1 
е 25) а 234-1 
е 29! а 229-1 
e 260 | © 
° 21 | © 


After Boulenger [(1896) 398]. " В 
*Data kindly supplied by Mr. James C. Battersby who re-examined the specimens 
for me. 


TABLE lü.—Determination of sex of specimens examined by Taylor in 
Calliophis calligaster. 


Specimen number * Locality * [Stated * | Ventral | Sub. | Бек. 
E] 228 aj a 
° 236 23 > 
2$ 233 19 я 
я 250 23 ЕА 
? 216 29 d 
? 251 20 ° 
$ 257 19 ? 
В 222 o| e 
е 256 2| 9 
? 223 2| а 
? 224 20 СЫ 
а 197 25| e 


* After Taylor [(1922a} 270 and (1922е) 300. 

**1 have examined these specimens, Specimen 28 is at the Chicago Natural History 
Museum; specimens 40, 41, and 54 are in the California Academy of Sciences; and 
Number 231 at the Carnegie Museum, Pittsburg. 


There is, in addition, a marked inter-island variation in 
ventral counts. Overlap in counts between Luzon females and 
Visayan males necessitated treating the sexes separately. It 
is evident from a cursory inspection of the data summarized 
in Table 6 that the differences in ventral counts between Luzon, 
Visayan, and Polillo Island populations are pronounced. 

To avoid future controversy, it must be pointed out that pre- 
viously published data on ventral counts for this species are 
confused. This results from the fact that many of the speci- 
mens were incorrectly sexed. For example, comparison of 
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my results correlating sex with ventral counts led me to suspect 
both Boulenger [(1896) 393] and Taylor [(1922а) 270 and 
(1922b) 300] incorrectly sexed their specimens. At my request, 
Mr. J. C. Battersby of the British Museum (Natural History) 
kindly re-examined the specimens reported on by Boulenger. 
His findings and those of Boulenger are compared in Table 9. 
]t is evident that Battersby's data agree closely with those 
obtained by me, with one exception. Specimen ‘e’, a young 
female, 340 mm in total length, said to have been collected 
at Albay, southeastern Luzon, appears to be abnormal, assum- 
ing the locality datum is correct. 


In regard to the data given by Taylor [(1922a) 270 and 
(1922c) 300] it is also obvious that the stated sex of several 
of his specimens are questionable (assuming his locality data 
are correct). I have had the opportunity of seeing several 
of his specimens and can confirm that they were incorrectly 
sexed. In Table 10, I have summarized Taylor's data and 
have indicated where there is disagreement as to the sex of 
individual specimens. 

CALLIOPHIS CALLIGASTER CALLIGASTER (Wiegmann), 


Elaps calligaster WIEGMANN (1834) 253, pl. 20, fig. 2 (type loc: 
Manila, Luzon Island; type in Berlin (2): original description; 
colored figure); GUNTHER (1858) 231 (“Philippine Id": synonymy, 
color pattern); Јам (18598) 6 ("Carthagene N.-Grenade" [in 
error]; pattern); РЕТЕЕВ (1861) 689 (Luzon [Daraga; Vulkan 
Ysarog; Albay]: listed); Jan (1878) Livr. 43, pl 2, fig. 2. 

Brachyrhynchus calligaster FITZINGER (1843) 28 (listed). 

Elaps collaris var. calligaster DUMÉRIL, BIBRON, and DuMÉRI, (1854) 
1226 (Luzon [Manila]: synonymy, diagnosis, description, color 
pattern: considers E. collaris Schlegel conspecific with E. calligaster 
Wiegmann). 

Elaps calligater Jan (1859b) 5-6 [LUZON (Manila): correction of 
locality error in (1859a) 61. 

Callophis calligaster GUNTHER (1859) 84 ("Philippine Ids.": listed); 
FiscHER (1885) 81 ("Süd-Mindanao": listed). 

Hemibungarus calligaster MEYER. (1869) 218 (not seen); BOETTGER, 
(1886) 117 (distribution compiled); Casto pg ELERA (1895) 440 
(Luzon [Bataan; Manila; Camarines Sur; Daraga] Mindanao, 
Paragua, Balabac); Востимсен (1896) 393 (in part: Luzon 
TAlbay]: synonymy, description, color pattern; counts; material 
examined); ВОЕТТСЕЕ (1898) 122 (Luzon; listed) ; GRIFFIN (1911) 
266 (distribution compiled; adds Luzon [Rizal; Laguna], Polillo; 
listed in key); TAYLOR (1922a) 269, pl, 88, figs. 1-2; pl. 34, figs. 
1-2 (in part: distribution compiled: synonymy, measurements 
and counts, variation, material examined; description and color 
pattern based upon specimen of C. calligaster gemianulis) ; TAYLOR 
1922b) 300 (Luzon [Los Bafios]: measurements and counts for 


three specimens). 
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Calliophis calligaster calligaster Leviton (1961) 100 (Luzon; listed 
in key). 


Range5—LUuzoN: Albay Province (Albay; Daraga); Bataan 
Province (Bataan); Camarines Sur Province (Mt. Isarog); 
Laguna Province (Los Bafios*; Mt. Makiling*); Quezon 
Province (Villa Aurora *) Rizal Province (Binanga *; Manila; 
Montalban *). MINDORO: San José *. 


Material examined (18).—LUZON: Laguna Province; Los 
Bafios (CAS 61136 to 61142; CNHM 15050); Mt. Makiling 
(CAS 61314; CNHM 45751) ; Quezon (Tayabas) Province: Villa 
Aurora (USNM 142483) ; Rizal Province: Binanga (CAS 15348 
and 15344) ; Montalban (CAS 15009; USNM 38663). Міхрово: 
San José (AMNH 78415). Without exact locality: USNM 
37421, 56057 and 56058. PHILIPPINES: without exact locality 
(CAS 15342). 


Diagnosis—Black rings on body not divided by narrow 
white annuli; narrow white rings on dorsum of body number 
44 to 75; temporal region more or less heavily pigmented 
with melanin, with a distinct light vertical postocular stripe 
and a diagonal nuchal chevron bordering the area; ventrals 
223 to.259; subcaudals 16 to 22. Standard length: (3) 487 
mm, ($) 476 mm; tail length: (2) 28 mm, (9) 28 mm. 


Sexual dimorphism—There is marked sexual dimorphism in 
ventral counts as evidenced in Table 6. The range of ventrals 
for males is 223 to 233 (mean — 227.7), and for females 252 to 
259 (mean = 255.0) 7 


A clear distinction in subcaudal counts between sexes is not 
evident though females average fewer shields than males 
suggesting possible sexual dimorphism. Nine males range from 
17 to 22 (mean = 19.9); 6 females range from 13 to 30 
(mean = 17.6). 


Body proportions are also subject to sexual dimorphism. The 
difference in the tail length/standard length ratio between 
sexes is obviously significant, although the means are close 
and there is some overlap in ranges (see Table 11). 

“Calliophis calligaster has been reported from Balabac, Paragua, and 
Mindanao by Casto de Elera, and from Mindanao by Fischer. These 
records need confirmation. 


^ Previous literature records of ventral counts have been omitted from 
these ranges for reasons already given (sce page 541). i 
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TABLE 11—Summary ef the variation between sexes im the ratio of tail 
length/standard length in Calliophis calligaster calligaster. 


fex N| Mem + В.Е. | Range Differenco | + Р 
ol means 


EOM 8 | 0.05774-0.0018 
Female ..-.-......---.-.- 6 | 0.0502 0.0018 


0.0522-0.0633 
0,0378-0.0577 


0.0075 | 3.47<0.01 


Ecological noies.—Little is known of this animal’s habits. 
A single specimen, CNHM 45751, was found burrowed in the 
earth in the dipterocarp forest on Mt. Makiling. According to 
Taylor [(1922c). 800] several specimens were found at low 
altitudes on Mt. Makiling. Locality data for other specimens 
suggest the individuals were found principally at or near sea 
level. 


The stomachs of all individuals examined but one (AMNH 
73415) were empty. The one contained a single Calamaria 
gervaisi. This is in agreement with observations made on 
the Visayan sample, and it appears that these animals are 
ophiophagus. 


No data are available on breeding habits. 


CALLIOPHIS CALLIGASTER GEMIANULIS (Peters). 

Hemibungarus gemianulis PETERS (1872) 587 (type loc: “Philippine 
Ids.”; type in Berlin: original description). 

Callophis (Hemibungarus) gemianulis MULLER (1883) 18 (listed). 

Hemibungarus gemmiannulis BOETTGER (1886) 117 (listed); CASTRO DE 
ELERA (1895) 441 (Mindanao). 

Calliophis calligester gemianulis LEVITON (1961) 100 (Cebu, Negros, 
Panay; listed in key). 

Hemibungarus calligaster BOULENGER (1896) 398 (in part; "Philip- 
pines”; synonymy, description, counts, material examined) ; TAYLOR 
(1922a) 269 (in part; Panay [Пойо]; synonymy, description, 
variation, measurements and counts, material examined, distribu- 
tion). 


Range*.—CEBU: Antuwanga агеа *. NEGROS: Negros Occi- 
dental Province (La Carlota *); Negros Oriental Province 
(Dumaguete *; Batingil*; Silay *). PANAY: Iloilo. 


Material examined (24).—CEBU: Antuwanga area (SU, 
18909). NEGROS: Negros Occidental Province: La Carlota 


» Casto де Elera [(1895) 441] records a specimen from Mindanao, but 
I doubt his record. 
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(USNM 80579). Negros Oriental Province: Dumaguete (SU 
1243, 12969) ; Batingil Sitio (SU 19005) ; Silay (USNM 78136 to 
78148). PANAY: Iloilo (SU 12966 to 12968, CM 2581). 


Diagnosis —Black rings on body divided by narrow white 
annuli; white annuli on dorsum number 60 to 83; temporal 
region either light (cream or reddish in color) or very lightly 
(spotted with melanin; ventrals 196 to 227; subcaudals 15 to 21. 
Standard length: (4) 519 mm, (2) 451 mm; tail length: (4) 
32 mm, (?) 28 mm. 


Sexual dimorphism.—As already noted in the typical popula- 
tion there is à marked difference between sexes in ventral 
counts. This is also true for the Visayan population; 12 males 
range from 196 to 216 (mean = 205.2); 9 females range from 
218 to 227 (mean = 223.4). There is in addition a more pro- 
nounced difference between sexes in the Visayan sample in 
subcaudal counts than was evident in the sample from Luzon: 
11 males range from 18 to 21 subcaudal plates (mean = 20.4); 
9 females range from 15 to 18 plates (mean = 16.8). 


The Visayan sample also shows sexual dimorphism in body 
proportions. The data for tail length/standard length ratios, 
summarized in Table 12, indicate that males have somewhat 
longer tails in proportion to body length than do females 
(the young of both sexes tend to have slightly longer tails in 
proportion to body Jength than do the adults). 


TABLE 12—Summary of the variation. between sexes in the ratio of tail 
length/standard length in Calliophis calligaster gemianulis 


Sex N| Меп S.E. Range Difference | ¢ p 


Male sse | 8| 0.06792.0.0018 | 0,0592—0.0107 0.0900 | 5.67<0.01 


Female ...... в | 0,0588--0.0020 | 0.0465—0.0628 


Ecological notes.—O£f the 24 specimens examined, and litera- 
ture record of one specimen, only two specimens were found 
to have anything in their stomachs. These individuals, USNM 
78139 and 78147, contained partially digested remains of a 
Calamaria gervaisi and a Typhlops sp., respectively. Nothing 
else is known of their food habits, or indeed, of any other 
aspects of their ecology. They undoubtedly are secretive 
animals likely to be found beneath the logs and underbrush. 
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CALLIOPHIS CALLIGASTER MCCLUNGI (Taylor). 

Hemibungarus sp. GRIFFIN (1910) 214 (Polillo; listed). 

Hemibungarus meclungi TAYLOR (1922) 272, pl. 33, pl, 34, figs. 3-4 
(type locality: Polillo Island; type formerly in Bureau of Science, 
Manila, but destroyed during Word War II [neotype designated 
below] original description, relationship to М. calligaster dis- 
cussed); (1922b) 300 (Polillo [on road to Bislian]; seutellation, 
color in life). 

Calliophis calligaster meclungi Leviton (1961) 100 (Polillo; listed 
in key). 


Range.—POLILLO *. 

Material examined (1).—POLILLO: on road to Bislian (CAS 
62431). 

Taxonomic notes—The loss of the holotype of this nominal 
subspecies means there is no standard available for com- 
parison. To insure stability in the application of Taylor's 
name to the population for which it was intended, I am 
selecting the only other specimen of the Polillo population 
presently in museum collections, California Academy of Sciences 
62431, to stand as the neotype. It is eminently suited as 
a replacement for the lost holotype inasmuch as it comes from 
the type locality and is jdentical to the lost type in sex, body 
proportions, and color pattern. The neotype is described 
below. 

Diagnosis.—Black rings on body not divided above by narrow 
white annuli; narrow white rings on body number 46 (white 
tends to be obscured by black); temporal region pigmented ; 
ventrals 206. 

Description of neotype (CAS 62431) —Young male; standard 
length 270 mm; tail length 23 mm. Dorsal scales in 15 
longitudinal rows at midbody; ventrals 206; subcaudals 23, 
Upper labials 6 (on right side; left side damaged), third and 
fourth bordering eye; 1 preocular; 2 postoculars ; temporals 1 + 
2. Dorsum with 23 black rings, each ring divided below by a 
distinct whitish bar, each also narrowly edged anteriorly and 
posteriorly with whitish (which is sometime obscured by black) ; 
plack rings separated from each other above by brownish in- 
terspaces and below by cream (ved in life?) bars. Dark inter- 
ocular bar, absent in holotype, is present; otherwise head color 
pattern as in ‘Luzon population. 
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A HISTORICAL REVIEW OF GOLD 
IN THE PHILIPPINES 


Пу FELIX В. ТЕВЕХСВЕХ 
Stocksund, Sweden 


INTRODUCTION 


No metal has played such a fateful and peculiar role—for 
good and evil—in the history of mankind as gold. Almost 
without intrinsic value, soft and useless for implements 
of any kind, the yellow metal has nevertheless been coveted, 
searched for, fought for, and amassed in various forms ever 
since—some 6000 years ago—it was first discovered and ex- 
tracted in the ancient centers of civilization. For thanks to 
its other unique properties, its luster and brilliancy emulating 
the sun, its untarnishable incorruptibility and its beauty, in 
short its glamor, it came to be considered a divine substance, 
a symbol of permanence and immortality. Owing to its 
scarcity it also became for its possessors a token of power 
and wealth, and it was, therefore, adopted as the standard by 
which property and commodities were valued, long before 
metallie curreney came into use. 

In the course of history the use and extraction of the yellow 
metal spread over the globe and the demand for it rose con- 
tinually for jewelry and ornamental purposes and particularly 
for mintage. But while it thus retained its lure and attrac- 
tiveness all over the civilized world, its cult as a magic 
substance was superseded by more advanced religions and 
gradually fell into oblivion. Only among primitive peoples 
in remote regions did the ancient worship survive, until they 
were invaded by the gold-thirsty white man at the time of 
the great voyages of exploration during the 15th and 16th 
centuries. 

Such was the situation in the Philippine Islands at the 
arrival of the first Spanish expeditions, and thanks to the 
detailed reports of their officials and priests we are able to 
catch a glimpse of the ancient quaint customs апа beliefs 
then still lingering among the native inhabitants, of their 
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primitive methods of extraction, of their craftsmanship and 
of the role of the metal in their trade. From that time on 
the vicissitudes of the metal can be followed by means of a 
wealth of documents and reports. 

From the exposé given in the following pages it will also 
appear that—save for some virgin placers—the Philippine 
gold deposits have not, during the period here under review, 
yielded any easy and excessive profits, and few people have 
ever been able to accumulate a fortune derived from them. 
But this was not inherently the fault of the deposits them- 
selves; it was due to the undeveloped state of mining and 
metallurgy. The gold of the quartzveins ig only partly 
free-milling and what could be recovered by the simple 
panning methods of those days was only a portion of that 
part; all the rest of the gold, often more than half of the 
values, was left in the tailings. Yet we are bound to 
admire the skill and perseverance both of the thousands of 
Filipinos washing the alluvials and of the igorots in the 
mountains who for many centuries successfully extracted 
gold ‘where all the Spaniards’ attempts failed completely, It 
was only by the introduction of modern dredging, mining and 
milling methods—above all eyanidation—that the gold could 
be effectively extracted from such ores. But thanks to these 
improvements the industry has been able during the present 
century to acquire an increasingly important position in the 
economic life of the Islands. 

These modern developments, however, lie outside the scope 
of this narrative which is confined to Spanish, and to some 
extent pre-Spanish, times and which therefore terminates 
with the end of the 19th century. 


GENERAL CONSPECTUS 

When the first Spanish expeditions—headed by Magellan 
(1521), Loaisa (1525-1526), Saavedra (1527), Villalobos 
(1543), and Legaspi (1565) —arrived in the Philippine Islands, 
they found gold produced and extensively used by the natives of 
practically every island. “АП the people, both great and small 
wear it."(17) “Wherever we went we found a great display 
of these articles.” (10) The People, in particular their chiefs, 
wore gold earings, bracelets, necklaces, anklets,(3, 7,10) men as 
well as women.(46, 63) The chieftains of Cebu wore clasps 
about their feet. (12) The people often besides wore “gold 
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pieces, not merely of thin plate, and brooches to fasten them." (16) 
Pigafetta, Magellan's historian, noticed that the natives of 
Butuan (Mindanao) had “holes pierced in their ears whieh aro 
filled with gold."(3) Не also tells us that the “king” of Butuan 
had “three spots of gold on every tooth, and his teeth appeared 
as if bound with gold,” (3) and Chirino confirms that the people 
"used to and do yet insert gold between their teeth as 
an ornament. (4%) Colin also states that “among the in- 
fluential people, especially the women, it was the custom to 
set some of the teeth most skilfully with gold which could not 
fall out." (64) 

Pigafetta gives a detailed description how “the males, in 
Cebu, large and small, have their penis pierced from one side 
to the other near the head, with a gold or tin bolt as large 
as а goose quill,"(8) and Morga reports the same peculiar 
custom at Catanduanes. (49) 

Gold articles were buried with the dead.(12) The corpses 
were embalmed and gold placed in their mouth and over their 
eyes.(49) Colin states that “in memory of their ancestors 
they kept certain very small and very badly made idols of 
stone, wood, gold, or ivory.(64) Pigafetta claims that oeca- 
sionally even the house of some chieftains had some parts 
made of gold.(8) 

Most of these customs were gradually abandoned during the 
Spanish regime, but still in 1662 Letona (63) reports that “there 
is hardly an Indian who does not possess chains and other 
articles of gold." 

Gold was the general standard of eurrency, both in the 
inter-tribal amd external commerce. The people of the present 
Mountan Province of Luzon (Igorots) bought most of their 
food for gold from the tribes of the surrounding valleys and 
lowlands.(34) The punishment for crimes was fine, payable 
in gold and jewelry ог, if the delinquent was unable to Чо so 
ру slavery.(34) The bridegroom paid the dowry to the bride’s 
parents in gold, jewelry, pearls, and slaves.(24) Already Piga- 
fetta(3) records the fact that the people were fond of cockfights, 
and Buzeta and Bravo(81) tell us that at the start of such 
fights each better deposited his stakes in gold dust. Trading 
vessels from Borneo often plied the waters round the Philippine 
Islands, and junks from China and Japan arrived during the 
winter monsoon with products of their countries.(3) The main 
article coveted by these foreign traders was gold. Magellan’s 
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men were offered gold in exchanged for trinkets, iron, and 
merchandise. (3) 

The skilfulness of the natives in weighing, appraising and 
adulterating the metal, as well аз their proficiency in the 
jeweller's art, aroused the admiration of the Spaniards. 

The people of this island (Luzon) are very skilful in their handlings 
of gold. They weigh it with the greatest skill and delicacy that has 
ever been seen. The first thing they teach their children is the knowledge 
of gold and the weights with which they weigh it, for there is no other 
money among them. (37) 

They even recognize whence the gold comes as soon as they see it, 
and they say that this gold comes from such an island and this other 
gold from such another.(17) 

Although they trade but little, they... know how to adulterate it 
by mixing it with silver, tin, copper, brass, and other metals brought 
from China... its quality is tried by a touchstone and in this the 
Moros seem to be more skilled than the Spanish assayer who has been 
taken from Mexico. (31) 

They give it an outside appearance so natural and perfect and so fine 
a ring, that unless it is melted they can deceive all men, even the best of 
silversmiths. (18) 

In Luzon the following alloys of gold were distinguished, the 
finess of which may be gauged from certain data: bielu or 
bizlin and malubay about 10 carats fine and linguingin about 
13 carats fine, were used for trade and barter; panica, called 
orejeira (earrings) by the Spaniards, about 16 carats fine; 
заро about 20 carats, and guinuguran or guinogulan, “lord of 
gold," about 22 carats, were used for jewelry.(25,31) “This last 
is the standard, because in assay it is equal to the wrought gold 
of Spanish jewelry." (25) А report from 1586 states that in 
Camarines "there are many excellent goldsmiths after their 
fashion. Those men roam the island in order to gain their 
living. Many interesting things made by them are taken to 
Mexico, especially filigree work.” (37) In 1578 governor de 
Lavezaris sent to the king and queen of Spain 136 marcos 
(about 27 kg) of such articles.(91) Still in 1662 Letona 
mentions that "various articles are exquisitely wrought in 
filigree of gold and silver,” (63) and slender chains for personal 
adornment continued to be shipped to Mexico more than half. 
a century later.(68) 

The universal use of gold by the inhabitants for personal 
adornment cannot be explained as exclusively due to a mere 
childish vanity and urge of display and of beautifying 

? The Igorots of Central Luzon, however, were said to have traded 
gold by sight опу. (55) 
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themselves. It had also primarily a deeper significance. The 
burial of such ornaments with the dead and the custom of 
placing gold in the mouth and over the eyes of the corpses 
conclusively prove that peculiar magical powers were attributed 
to the metal  Here—-as was also the case with all the ancient 
civilizations of the Orient—gold must have been considered 
a divine substance, conferring longevity upon its possessor.(100) 
And the people must have worn their ornaments in the belief 
that they were powerful talismans, capable of protecting them 
from dangers and evil spirits. Sande mentions that “they 
adore the gold—which they actually kiss and consider of the 
highest importance,” although he wrongly interprets their 
feelings as avarice. (31) 

Moreover, the multifarious uses and widespread diffusion of 
gold, noticed by the early Spaniards entitle us to infer that 
the metal was uo novelty, recently introduced among the tribal 
peoples of the Philippine Archipelago. This inference is also 
corroborated by the widespread production of the precious 
metal in the Islands. Not only were the auriferous sands of 
practically every river-system already being exploited, but 
all the important vein-gold districts were likewise known and 
worked to a considerable extent. The Spanish pioneers found 
mines at Masbate worked to a depth of one to two estados 
(3.4 to 6.8 m),(23) and those of Paracale in Camarines to a 
depth of 30 to 40 estados (50 to 70 m).(19) And even if the 
latter figures may be much exaggerated, the statement proves 
that mining there must have been carried on for a long period 
prior to the arrival of the Spaniards. The same pioneers also 
learned about the existence of the gold mining regions of the 
present Mountain Province, where the Igorots inhabiting that 
country were trading their gold for food from the populations 
of the surrounding provinces. The remoteness and inaccessi- 
bility of that region, and the proud and warlike race in- 
habiting it, defied for about fifty years more the efforts of 
the Spaniards to explore it. And when, in 1624, they finally 
succeeded, they could only establish the fact that the Igorots 
were skilful miners and far more advanced than the Spaniards 
themselves in the extraetion of gold from ihe ore. 

But when and whence had the knowledge of the yellow metal, 
the ideas of its magical potency, and the art of extracting 
it been introduced? To this question as yet only a tentative 
answer сап be given. For our knowledge of Philippine history 
of the periods antedating the Spanish conquest is very scant, 
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as there are very few written records and monuments which, 
moreover, have to be looked for among those of the neighboring 
countries that were culturally more advanced. 


A good summary of what is known has been given by 
Forbes : (85) 


What are believed to be authentic sources indicate that the islands 
now known as the Philippines were a dependency of successive Hindu. 
Malayan empires in Indo-China, Sumatra and Borneo, from about the 
year 200 AD until 1825. Thereafter until 1405, they were subject to 
the Javanese empire of Madjapahit. During the next 35 years they 
were, under the Ming Dynasty, a dependency of China. Therenfier, 
from the year 1440 until 1565, northern Luzon was sometimes held by 
Japanese adventurers, and from Manila southwards the islands were 
dominated by Mohammedan Borneo, 


Hence it is apparent that the islands, which have been popu- 
lated by successive waves of predominantly Malay immigrants 
coming from the southwest, must have received cultural ele- 
ments from many different sources, 


But while in India, Indo-China and China gold mining and 
extraction are of great antiquity, it appears that in the Phil- 
ippines this industry—although established long before the 
Spanish eonquest— was a much later introduction. First, it is 
notable that gold, which in practically every report of the early 
Spaniards figures as one of the Chief products of the Isiands, 
is not mentioned at all among their articles of export in the 
Chinese geographer Chao Ju-kua’s report, dating from about 
1280 A.D.(?) On the contrary, there is an item on his list of 
imports called "commercial gold.” Chao, for some years super- 
intendent of the sea-trade in Fukien Province, had access to 
first-hand information from the captains and crews of the vessels 
engaged in the trade with the Islands, He indicates the places 
visited, describes the awkward methods of bartering with the 
natives and enumerates the various articles exchanged. it 
appears that the port of call in Luzon (Ma Yi) was probably 
Situated at the mouth of the Pasig River, thus at the site of 
present Manila, and that the expeditions were also extended to 
the Visayas and to northern Mindanao, The products of the 
Islands are stated to have been; yellow wax (aromatic resin), 
cotton, pearls, shells, betel nuts and jute textiles (abaca), while 
the articles brought into the country were: porcelain, commer- 
cial gold, iron vases for the perfumery, lead and tin objects, 
glass, pearls of all colors, iron needles, and fish nets. The gold 
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probably comprised hoth dust and ornaments and, possibly, even 
Siamese gold coins, 

These data prove beyond doubt that while gold was already 
known and appreciated in the Islands, it was not yet produced 
there. The fact that there was already a demand for the 
yellow metal seems to indicate that the gold cult may have 
antedated the actual discovery of its occurrence in the Is- 
lands. The earliest known gold article of apparently local 
manufaeture has been dated by Professor Н, Otley Beyer to about. 
1350 A.D.(101) It is a massive image of a Buddhist deity, 
found about 1920 in the Agusan River, near Esperanza in 
Mindanao. The statuette is over 20 cm in height, of 21 carat 
gold and weighs 1,790 gr. The style, according to Beyer, re- 
sembles that of the Ngandjuk period of Javanese art, but since 
the workmanship is eruder and the color—a very pure yellow— 
as well as the quality, are distinctly different from the metal 
employed in such work in Java, Beyer concludes that the 
statuette was locally made by Javanese artisans. Hence it 
may be inferred that gold production in the Philippines probably 
commenced early in the fourteenth century. The style of the 
statuette also indicates the probable route of introduction of 
the art (India-Java-Borneo), an inference which is strength- 
ened by the fact that the weights used at the time of the 
Spanish oceupation for weighing gold ave of Indian origin 
(the tae, the maes and the condareen; see р. 595). From India 
too, must have come the idea of the magic significance of gold. 
It may also deserve mentioning that the Malayan languages 
have а common indigenous word for gold, while the names 
of several other metals, such as silver and copper, are of 
Sanskrit origin. (86) 

There must have been a veritable rush of prospectors combing 
the Islands in search of rich placers, and the art of panning 
thus spread like a fever among the native population. Skilled 
artisans also probably arrived in the wake and the wearing 
of gold ornaments and mascots, formerly a privilege of the 
few, now became available to almost everybody. The old mines 
found by the early Spaniards must have been the work of 
professional miners, presumably immigrants from the same 
quarter or possibly Chinese. 

In spite of the abundant display of gold ornaments that 
met the eyes of the Spanish conquistadores, it soon, however, 
became evident to them that the actual stocks possessed by 


| 
р 


558 The Philippine Journal of Science 1963 


the Philippine natives were not large, and that their expecta- 
tions of duplicating here the enormous booty of gold taken in 
Mexico and South America, were not going to be realized,? 

Rada(17) noted in 1569 that 

“no one of these Indians has more than a little gold, for jf they get 
а couple of earrings and a couple of bracelets and а pair of anklets for 
their feet, they do not look for any more, for they do not strive to 
hide it.” 

Legaspi(16) observed at about the same time that the natives 

"because of their sloth and the little work done by their slaves, ... do 
not even try to become wealthy nor do they care to accumulate riches. 
When a chief possess one or two pairs of earrings of very fine gold, and 
a chain, he will not trouble himself to loak for any more gold, Any 
native who possess a basketful of rice will not scek for more, or do 
any further work, until it is finished." 

The lack of covetousness and the sloth of the people, how- 
ever, were not the only reasons responsible for the absence 
of any large hoards. The trade with China, Borneo, and Japan 
had been going on for centuries,(2) and ever since the pro- 
duction of gold Started, this trade had resulted in a constant 
outfow of the yellow metal. At the time of the Spanish con- 
quest, the Mohammedan Malays, called Moros, roamed the is- 
lands in order to trade with the Chinese and Japanese whose 
junks arrived regularly with the monsoon every year, bringing 
silks, woolens, bells, perfumery (musk, benzoine), wine, iron, 
tin, porcelain, colored cotton clothes and other small wares. (15) 
Moreover, most of the auriferous alluvials and the gold mines 
were worked spasmodically, only on certain oceasion for the 
sole purpose of producing the amount necessary to buy some 
particular goods brought by a trading vessel lying at anchor 
at a nearby harbor. 

The procedure varied Somewhat, as appears from the 
following quotations: 


Although there are many mines and much pure gold, yet the natives 
do not extract it until the very day they need it; and even then they 


*The statements contaitied in a letter by an anonymous writer in 
Sevilla, which was printed in Spain in 1566,(11) must be considered 
a mere sailor’s yarn. The writer affirms that the inhabitants of Cebu 
hold gold in so little estimation and possess such enormous suppiies of 
it the “king” there gave three barehillas of gold dust (about 55 liters) 
or say 700 to 800 kg; for one string of hawk’s bells. He claims moreover, 
that three Spanish vessels loaded зс much gold in that island that the 
royal fifth amounted to 1,200,000 ducats. The authoritative reports 
quoted elsewhere in this paper tell quite a diferent story. у 
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take only the amount necessary for their use, thus making the earth 
their purse. (10) 

In many places where we know that mines exist, the natives do not 
care to work them, because they say that their god orders them not to 
take out the gold except on the arrival of foreign vessels for purposes 
of barter, They strike a bargain with those foreigners and allow them 
to work in the mines for a period agreed upon.(10) 

If perchance any merchant junk comes to trade, the natives buy all 
the goods on credit, after which, in order to pay, all the villago 
assembles and goes armed to the placer or to the mines, in order 
that no one will dare to touch them, and accordingly they get the gold 
that they have to give.(17) 

Whereas the drain of gold to other Oriental countries had— 
apart from occasional piratical raids—proceeded by a peaceful 
exchange of commodities, the inhabitants had now come into 
contaet with, and were being subjugated by, a race that in its 
aggressiveness and gold-thirst did not stop short of violent 
means to get possession of the coveted metal. À similar 
spectacle, as had been recently enacted in the Americas, was 
now being repeated here, although on a much smaller scale. So- 
ealled pacifying expeditions were sent out to all accessible 
parts of the islands, and under the pretence of collecting 
tribute on behalf of his royal Majesty, the greedy Spanish 
commanders and soldiers ruthlessly robbed the people of their 
gold ornaments, cherished by their possessors not because of 
their commercial value but with religious awe and worship 
of their life-giving powers, The conduct of the soldiery was 
largely denounced by the Catholic friars and priests accom- 
panying those expeditions, and it is to their outspoken accounts 
that we owe our knowledge of what actually took place. 

The following words of Ortega (20) give the story in a 
nutshell: 

The only gold being in the shape of personal adornments worn by 
the natives, this is demanded from them as a tribute, while refusal or 
flight is punished with death? 


*Ortega's report in full runs as follows: 

1t is fitting that your Excellency should know the manner іп which 
these tributes ave collected, and the way in which they are demanded 
before the time, contrary to the law of God and the directions of his 
Majesty. ‘The first thing they do when they reach any village or 
province is to send them an interpreter or two, not with gifts or 
Presents, not to preach to them or to speak to them of the things of 
God, but to order them to bring tribute immediately and to be friendly 


(Continued on page 560, bottom.) 
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Of the quantities of gold thus extorted from the natives in 
the name of the Crown, only a part was actually handed over 
to the treasury, while as much as half of the plunder was 
divided privately among the soldiers. Besides such official 
expeditions, private ones were also undertaken, raids with the 
sole object of looting, even graves being dug open and rifled. 


(Footnote 3— Continued.) 
to the Castilians. Since this is so new and strange thing for them 
ав being something to which they have not been accustomed, as they 
have not been either subjects or vassals of any native king or lord (of 
whom they have none in any part of these islands), all this is confusion 
to them and causes them much evil by forcing them to give as tributes 
the necklaces which they wear about their necks and the bracelets which 
they and their women wear on their arms, For few or none of them 
have any other property but what they wear on their persons. When these 
so evil abuses are inflicted upon them, some of them refuse to give the 
tribute or do not give as liberally as those who ask it desire. Others, 
on account of having to givo this and of their fear at seeing a strange 
and new race of armed people, abandon their houses and flee to the 
tingues (Le. hills) and mountains. When the Spaniards see this they 
follow them, discharging their arquebuses at them and mercilessly 
Killing as many of them as they сап, Then they go back to the village 
and kill all the fowls and swine there and carry off all the rice 
which the poor wretches had for their support. After this and after 
they have robbed them of everything they have in their miserable 
houses, they set fire to them, In this way they burned and destroyed 
more than four thousand houses in this expedition to Ylocos and killed 
more than five hundred Indians, they themselves confessing that they 
committed that exploit, 
Rada(17) thus describes one of these expeditions: 


The governor immediately (after the departure of the ships) sent 
Captain Juan de Saleedo accompanied by Captain Pedro de Chaves 
and some men to pacify the river of Vicor (Bicol) and the Camarines 
Which are located in the same island of Luzon, The people there are 
the most valiant and best armed of all these islands, Consequently, 
although they never attacked the Spaniards, still they defended them- 
selves in all their villages, and would not surrender unless conquered by 
force of arms. Consequently all those villages were entered in the 
same way, by first summoning them to submit peacefully, and to pay 
tribute immediately unless they wished war. They replied that they 
would first prove those to whom they were to pay tribute, and conse- 
quently the Spaniards attacking them, an entrance was made among 
them by force of arms, and the village was overthrown and whatever wos 
found pillaged. Then the Spaniards sent to have the natives summoned 
io submit peacefully, When the natives came, they asked them to 
immediately give them tribute in gold and to give them writs of peace, 
Therefore, since all the people defended themselves, more have perished 
in that land than in any other yet conquered. 
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This outrageous practice svas, however, strongly denounced 
by Governor Legaspi, the conqueror of the Islands, a humane 
and considerate man who in 1565 issued a proclamation(i3) 
prohibiting the opening of any graves without the permission 
of his Excellency, and ordering that 


“all who have opened graves whence they have abstracted gold, jewels 
and other valuables, and those who have in their possession gold and 
jewels of these islands, however they may have been obtained, shall 
appear and make full declaration before his Majesty’s officials... 
under penalty ... besides losing all the gold and other valuables . . . 
be proceeded against in due form of Jaw." 


This praiseworthy attempt to check the rapacity of the soldiery 
and establish law and order, however, probably had little effect. 
Legaspi's own grandson, Juan de Salcedo (born about 1549 
in Mexico, dead 1576 in P. 12, one of the ablest commanders 
who has been called "the Cortez of the Philippines," seems 
to have been as zealous and unscrupulous tribute collector as 
anyone else. (СЁ. previous footnote.) 

Although practically every accessible place was ransacked, 
the spoils of gold were, for reasons already given, comparatively 
small, particularly when contrasted with the enormous booty 
taken by the early conquistadores in the American continents. 
The following data culled from contemporary reports, will 
give an idea of the amounts of tributes exacted. Salcedo. 
according to Ortega’s report(20) on his expedition to the gold 
mines of Camarines and neighboring portions of the east coast 
of Luzon, collected 800 taes (25 kg) of gold in tribute. 


4 For comparison, and as a contrast, some figures regarding the booty 
of the Spanish conquistadores in America may be given. The treasures 
obtained by Cortez in Mexico, on his initial campaign against Montezuma, 
comprised 162,000 pesos of gold (680 kg). After the conquest of the 
‘Aztek capital, Tenochtitlan, the booty did not exceed 130,000 castellanos 
(650 kg) while according to another source it was 380,000 pesos 
(1,550 kg) of gold. In South America Pedro de Heredia, governor of 
Cartagena (in present Colombia), in 1538 devoted himself to the rifting 
of numerous tombs, which he carried on almost as a mining industry, 
and found in many of them as much as 15,000 to 20,000 pesos (63 to 
84 kg) of gold articles; one of them, the tomb of a great chieftain, 
contained 100,000 pesos (420 kg) of fine gold. During his first expedi- 
tion Heredia is said to have aecumulated 1,500,000 pesos (6,800) kg of 
gold. in 1532, when Franeisco Pizarro looted the camp of Inka 
Atahualpa at Cajamarca (in present Peru), he took 80,000 pesos (336 
kg) of gold, 7,000 mareos (1,000 kg) of silver and 12 emeralds, the 

(Continued on page 562, bottom.) 
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Of this amount he gave half to the soldiers and the other half to his 
Majesty’s treasury. Three months later his alferez, who had remained 
behind, brought back a thousand taes (31 kg) of gold, in addition to 
as many more which he shared between himself and his soldiers. (20) 


Some time afterwards the governor, Guido de Lavezaris 
who had succeeded Legaspi upon the latter’s death in 1578, 
sent an expedition to explore Ilocos and Pangasinan on the 
west coast of Luzon. Saleedo was put in command of 130 
soldiers, with 830 natives to row the boats. This expedition 
collected in tribute 300 taes (93 kg). Неге Spanish soldiers 
continued their depredations twice а year and are said to have 
collected in 1578, 6,000 taes (19 kg).(22) Out of this tribute 
136 marcos of gold (80 kg) were sent to the king and queen of 
Spain. (21) 


After the natives had thus been deprived of whatever gold 
articles the Spaniards could lay. hands upon, the only way 
to secure a steady supply of the desired metal was to encourage 
and organize production and to check and regulate as far as 
possible the outflow of it to other Oriental countries and direct 
it to the Government coffers instead. The government would 
then get their lawful share of the output, partly by levying 
the usual production tax in kind—the so-called royal fifth— 
and partly by making the personal head tax of the inhabitants 
(the so-called tribute) payable in gold in all distriets where 
gold occurrences were available for extraction. 


(Footnote 4— Continued.) 

booty being mostly in the shape of bowls, cups, chargers, ete. belonging 
io the Inka's household. Some time later, when the treasures collected 
at his order from all the temples and palaces of his vast kingdom to 
ransom his life, were counted, they were found to amount to the huge 
total of 1,320,089 pesos (5,550 kg) of fine gold and 51,000 marcos 
(12,000 kg) of silver. The loot later taken at Cuzco, the capital of 
the empire, aggregated 580,200 pesos (2.430 kg) of gold and 215,000 
marcos (49,000 kg) of silver. In 1536-1528 Gonzalo Jimenez de Quesada 
took in the Chibcha kingdom (in present Colombia and Venezuela) 191,294 
pesos (800 kg) of fine gold, 37,280 pesos (156 kg) gold of inferior 
quality, and 18,390 pesos (77 kg) of gold mixed with copper, besides 
1,815 emeralds among which were many large and beautiful ones, Much 
gold had been concealed by the Indians by burying it. In 1577 
Garcia de Toledo discovered such a treasure at Chimu, on the west 
coast of Peru, valued at 278,000 castellanos (1,400 kg), the fifth 
of which was duly paid to the Crown. In 1797 another big hoard was 
unearthed. Put together these items make up a total of about 18,000 
kg of gold—The above data have been culled from Humboldt (99, IV) 
and Nordenskiold.(97) 
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This, however, proved no easy matter. The confidence of 
the inhabitants in the fairness and justice of their conquerors 
had been thoroughly shattered by the depredations of the 
Spanish soldiery, and the civil officials too were largely guilty 
of treating the natives arbitrary and rudely. The Filipinos, 
having lost all sense of security, found it to be more to their 
advantage to reduce their gold production to a minimum, and 
to produce clandestinely the gold they needed for ornaments, 
amulets, and barter. And to avoid being pressed into service 
and sweated by Spanish overseers at the placers and mines, 
they preferred to hide and cover up as far as possible their 
knowledge of any profitable occurrences. In this latter policy 
they even received the secret support of the Spanish reli- 
gious, who denounced the cruelties perpetrated by their own 
countrymen. (51) 

Since the arrival of the Spaniards in the land, the natives proceed more 
slowly in this (gold production) and content themselves with what 
they already possess in jewels and gold ingots, handed down from. 
antiquity and inherited from their ancestors. (49) 

In order to counteract this tendency and to encourage рхо- 
duction the government in 1578 reduced the royal fifth to one 
tenth, at first for a period of ten years, but the reduction was 
successively extended so that in effect it remained valid for 
more than a century.(15,00) Moreover, from Mexico was in- 
troduced an important technical innovation, the "arrastre," a 
crushing device to be described later in this article. And, as 
already intimated, the tribute or head-tax, usually amounting 
to 8 reals per person (27 gr}, was to be collected in gold in 
the main gold regions of the islands. (80, 52) 

To begin with, however, these measures failed to achieve 
their purpose, and the gold production continued to decline. 
They failed not only because of the passive resistance of the 
natives, but for other reasons as well. First, the extent and 
richness of many mines and placers were gradually found to 
fall far short of expectations. Secondly, the ordinance requir- 
ing the payment of tribute in gold, soon Jost its intended effect 
of compelling the inhabitants to produce the required amount 
of gold locally. For after Manila had become the monopolistic 
center of the trade between Mexico and the Orient—importing 
articles from Oriental countries, mainly China, and exporting 
the same articles to Mexico, where they were sold at enormous 
profits—a stream of Mexican and Peruvian silver was flowing 
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into the Philippine Isiands, where this trade became the maju 
source of private as well as public revenue. Consequently, 
it was по longer necessary for a man to wash his tribute out 
of the river sand or the crushed quartz vein; it was often 
easier to earn the money by doing some odd jobs.(42, 36) 

Gradually the government realized that they could not rely 
to any great extent on gold production аз a source of fiscal 
revenue, although opinions vary between rather wide limits 
among the early writers. Captain Diego de Artieda(23) in 
1573 reported that Mindanao, contrary to its fame, was very 
poor in gold and that 

“the Spaniards who went there were able to find but little, or to be 
more accurate, none, According to what I have learned, all the gold 
mines of this island are so poor, that the natives offer their labor for 
а gold maes (3 gr) or three reals per month, ... а slave can be bought 
for fifty reals (6 silver pesos) or sometimes for a little more. It is 
therefore evident that it is not possible to save from the mines much 
gold, as сап be seen by any mun who zealously wishes to serve your 
Majesty.” 

He found that the mines of Masbate “yield very little on 
account of the scanty population, its trade is of slight value.” 
Luzon is stated to have “many rivers in which gold is found— 
although, as I have ascertained, in but little quantity." 


In summarizing his opinion of the islands as a whole Artieda 
says: "There are few islands where, as it is reported, gold 
does not exist—but in so small quantities." Lavezaris, (21) 
on the other hand, states about Luzon "that it contains many 
rich gold mines,” and Rada(17) was “convinced that (God 
helping), there will be abundance of gold extracted by them 
(the natives)” The concensus of opinion, at first in favor of 
Rada's prediction, appears to have gradually swung over to 
Artieda's point of view. 

Although it is true that the goid industry never acquired 
any preponderance in the economy of the Islands, there 
soon again came а turn for the better. After about half a 
century of decline—the bottom of the slump was reached in 
the first decade of the 17th century—gold production was on 
the upgrade again. Several causes were responsible for this 
turn of the tide. First, the excesses against the native 
inhabitants committed by the Spanish invaders during the 
first subjugation of the Islands were forgotten as the genera- 
lion of eyewitnesses passed away, the attitude of the govern- 
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ment having meanwhile become more humane, benevolent and 
protective. To quote Bourne:(1) 

The ravages of the first conquistadores took place before the Crown 
had time to develop a colonial policy. ... The colonial legislation 
provided elaborate safeguards for the protection of the Indians. Parti- 
си}ат1у the Philippine Islands stand out in marked contrast with the 
fate of the aborigines in North America, New Zealand and Australia. 

The result of this general policy—in spite of many depar- 
tures from it by individual officials—was the reestablishment 
of confidence and a sense of security among the natives. The 
benevolent attitude of the government towards them may be 
svell exemplified by the fact that shortly after the discovery 
of important new gold veins in Camarines(82) a royal decree 
was issued on September 22, 1636, enjoining the local officials 
io safeguard the right of the natives. And when in 1668, 
governor Diego de Saleedo despatched an expedition for the 
final subjugation and christening of the Igorot country, the 
commander of it was specially instructed to treat the natives 
humanely and considerately, and these orders were apparently 
obeyed, the more easily as nothing was found to seriously 
tempt the avarice of the invaders.(65) And, as proved by the 
sad fate of the populations in the mining regions of Spanish 
America, the Filipinos certainly have more reason to be 
grateful than otherwise over the fact that no sensationally 
rich gold deposits were ever discovered in the islands. 

Another contributory cause to the revival of the native gold 
industry was the increase of population that went hand in hand 
with the establishment of relative law and order. This meant 
ап intensified struggle for existence and compelled an expanding 
number of people to resort to gold mining for a livelihood. 

A further powerful stimulant to the gold industry was the 
total abolition of the royal tithe in the 18th century. This 
may be concluded from a statement of Governor Anda y 
Salazar in 1768: 

“after so many years in which so much gold has been produced in the 
islands, this precious metal makes no acknowledgment to its king in 
Filipinas by paying him the tenth, nor is it weighed in a mint, nor is it 
by any other expedient made useful to bis Majesty, for the religious 
orders, the Indians, the Spaniards and the mestizos make free use of 


this trade.” (71) 
Thus the gold production went on slowly expanding, although 
it probably seldom yielded any large individual profits to the 
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miners, Particularly the aecessible placers were worked and, 
as set forth in the sequel, the output gradually rose until the 
peak was reached shortly after the middle of the 18th century. 
But with the gradual exhaustion of the richer placcrs and the 
easily accessible superficial portions of high grade lodes, the 
returns were becoming meagre and the output again declined 
during the latter part of the 18th and the whole of the 19th 
century. During the last decade of the latter the first attempts 
at mechanical installations were made with the object of 
making extraction from poorer grades of placers and lodes 
profitable. These efforts, however, were limited to Camarines, 
where a small river dredge was put in operation at Paracale, 
while two stamp mills with concentrating plants (cf. p. 590) 
were erected for the crushing and treatment of vein quartz. 
But the outbreak in 1896, of a general insurrection put a 
sudden stop to these incipient modern mining activities, and 
conditions in the islands remained chaotic until order was 
finally restored under the American flag. 


METHODS OF EXTRACTION 


It has been mentioned that the Spanish pioneers of the 16th 
century found the Filipinos far advanced in the art of gold 
extraction both from placers and lodes. Most of the early 
Spanish writers clearly distinguished between these two classes 
of deposits. So did Rada(7) in 1569: “АП of them (the 
Islands) in general yield gold, some more, others less, partly 
from the rivers and partly from the mines.” Herrera, in 1578, 
reports gold deposits “both in mines and native deposits and 
placers in the rivers in almost all parts of the land."(22) In 
the same year the viceroy of Nueva Espafia (Mexico), Martin 
Enriquez memorialized the king (basing his statements on 
information received through four officials recently returned 
from the P.I.) that "there are many gold mines worked similarly 
to the silver mines here (in Mexico)."(22) Sande,(81) in 1577 
and Loarea (34) in 1582 distinguished between “gold mines and 
placers. where gold is washed.” That Salcedo in 1571 found 
mines in Camarines (Paracale) of considerable depth has 
already been mentioned, and it will also be related how 
Quirante, in 1624, found many old, abandoned and caved in 
workings in the Baguio region. 

The methods of the Philippine natives for recovering the 
gold from placers and lodes were primitive and closely similar 
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io those of other peoples at the time; in fact, such methods 
were essentially the same all over the world. The early 
Spanish . writers seem to have left no complete, detailed 
descriptions of the implements and operations of the natives, 
but some pertinent features mentioned in their reports may 
be referred to here. More detailed accounts of these methods 
aye found in reports from the 17th, 18th and 19th centuries, 
and since there was certainly very little change and very few 
innovations introduced, we may infer that even the later 
descriptions in the main represent the original methods as 
learned from the immigrating Inde-Malayan gold prospectors. 
Although these methods as practised by the Philippine natives 
were hardly in any way superior to those of the Spaniards, it 
is clearly implied in several reports that the former were 
more skilful in the practice of washing and panning. 

It also appears from the early reports that gold digging was 
not a specialized profession carried on more or less continually 
by certain individuals. There was little division of labor; the 
people were agriculturists, and а bountiful tropical nature 
easily yielded the means of sustenance. Therefore, as set forth 
in the foregoing, gold mining was engaged in spasmodically, 
on certain occasions as demand arose, and by practically every 
member of the household, old and young. Such occasions were 
particularly the visits of foreign trading vessels, when gold 
was needed for purchasing the clothing, pottery and trinkets 
then offered for sale. The only exception to this rule were the 
Tgorots of the Mountain Province, who carried on mining in a 
more persistent way, compelled by a more sterile nature to 
acquire part of their food by barter. 

After the Spanish occupation, conditions gradually changed. 
While the sporadic gold output from most of the centers of 
production declined for reasons already explained, a class of 
more or less professional miners or mining laborers arose 
at some of the deposits where the Spaniards concentrated 
their efforts at gold production, such as Camarines Norte. 
There gold mining was organized by influential and wealthy 
Spaniards and mestizos, who employed natives as miners on 
contract, ог at daily wages, ог undertook to purchase the gold 
extracted by them. As time went on, quite a Jarge portion 
of the population there came to depend on gold extraction 
for their livelihood, both at Paracale and Mambulao. In periods 


of prosperity, when some rich strike had been made, there 
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was probably a busy life, while at other times when resources 
were meagre and scant, there was unemployment and distress. 
Quite commonly, in many places in the Islands, even the 
religious and the administrative officials, the local priest and 
alealde, engaged in the gold business, buying the gold brought 
to them by the natives. The miners and panners, having to 
labor continually in water are stated to have suffered much 
from the ill-effects of their occupation. “It is true that this 
mode of life shortens the days of these wretched people; as 
they are perpetually in water, they swell and soon die.” (73 

The most primitive mining methods were those of the Igorots, 
described by Quirante(55) as follows: 


The tools with which those Ygolotes worked, or work, their mines 
are certain stakes of heavy wood fashioned like pickaxes, with thc 
knot of the said stake larger at the end of it, where, having pierced it, 
they fit into it а small narrow bit of iron about one palmo long. 
Then seated in the passages or works, as the veins prove, they pick 
out and remove the ore, which having been erushed by a stout rock in 
certain large receptacles fixed firmly in the ground, and with other 
smaller stones by hand, und having reduced the ore to powder, they 
carry it to the washing places. For that purpose they have some small 
Streamlets neur at hand, with two or three hollows їп their beds. 
There passing the said ore from one to the other until they clean away 
the mud from it, by means of the sunlight, which floods everything, they 
discover and collect some dust or grains of gold. Then they again crush 
the large grains of ore, and wash and rewash it, until, having passed 
through the said basins, what remains at last is entirely useless. To 
judge by the tools that have been seen and Which the said Ygolotes 
have, as above said, the most usual and only working that they give 
their ores is the above, and nothing further, 


Hence it appears that the methods of the Igorots were 
laborious and primitive in the extreme. There is no mention 
of firesetting for breaking the rock and of mechanical installa- 
tions for washing the crushed ore. 

Much more advanced was the placer mining of the Moros 
of the southern island, Mindanao. In fact the people had 
developed a sort of hydraulic mining. Their methods there at 
Cariaga, Davao, are described by Bowring:(80) 

"they eut in the top of a mountain a basin of considerable size, and 
conduct water to it by canals made of the wild palm; they dig up the 
soil while the basin is filling, which is opened suddenly, and exhibits 
for working any existing stratification of gold; these operations are 
continued till the pits get filled with inroads of earth, when they are 
abandoned; generally when a depth has been reached which produces the 
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most advantageous returns, the rush of waters conveys away much of 
the metal which would otherwise be deposited and collected.” 


Very similar methods, described by Eddingfield,(84) were still 
in use in the eighties of last century in the Cansuran district, 
Surigao. 


While the methods employed by the natives were very crude, they 
were able to recover a large percentage of the gold from the gravels. 
They carried water, sometimes several hundred meters by means of flumes 
made of the bark of trees, the most durable flumes being made of 
palma brava. Even a very small stream of water enabled them to do 
very extensive work. The water was led to the top of the face of 
the gravel to be worked and allowed {о flow down it. The gravel was 
loosened by bars or shovels and was washed down through a narrow 
trench which in places had to be cut through the bed rock. The light 
material was allowed to wash away, but the gravel, which accumulated 
in the trench, was raked and picked by hand and finally thrown up 
on one bank with coconut shells. The boulders were piled on one side 
of the trench, forming a wall which retained the waste. Boulders too 
large to be moved by hand were drawn out or to one side by means 
of a rattan rope which wound upon a post set vertically, guyed firmly 
with rattan, and fitted with one of two horizontal arms, Boulders too 
Jarge to be moved in this manner were left in place and worked around. 
At regular intervals the concentrates in the bottom of the trench were 


panned to recover the gold. 

In places were water could not be obtained, tunnels were driven along 
the bed rock and rich gravels were carried down to water and panned. 
Some of these workings are very extensive, undermining large areas. 


Very similar methods at Misamis are described by Abella.(76) 

How primitive were the mining operations carried on by 
{һе natives in Camarines as late as 1860 has been witnessed 
by Jagor :(89) 


The workmen make holes in the ground 24 foot long, 28 fect broad, 
and 30 feet deep. ... The rock is carried out of the holes in baskets, 
on ladders of bamboo, and the water in small pails; but in the rainy 
season the holes cannot possibly be kept free of water, as they are 
situated on the slopes of the mountain and are filled quicker than 
they can be emptied. The want of apparatus for discharging water also 


accounts for the fact that the pits are not dug deeper. 


Whereas the mining and panning methods of the natives, 
which were almost the same as those of the early Spaniards, 
remained practically unchanged throughout the Spanish era, 
two improved crushing devices were introduced in Camarines: 
the trip-hammer and the arrastre. The former is described 


by Jagor thus:(89) 
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The breaking of the auriferous rock is effected by two stones of 
which one serves as an anvil, the other as hammer. The former, which 
is slightly hollowed in the center, is laid flat upon the ground; and 
the latter, 8 x 8 х 8 inches in dimensions, and therefore about 25 
pounds in weight, is made fast with rattan to the top of a slender 
young tree, which Hes in a sloping position in a fork, and at its 
opposite end is firmly fixed to the ground. The workman with a jerk 
forces the stone that serves for hammer down upon the auriferous 
rock, the elasticity of the sapling raising it again for a fresh blow. 


The rock having thus undergone a preliminary crushing by 
the trip-hammer is then milled in the arrastre. Jagor's des- 
cription, with some slight alternation and additions, is quoted 
below: 


A cireular bed of rough-hewn stones, about 1.8 m in diameter, is 
laid out on the ground and is enclosed by a cylindrical wall of similar 
stones standing on end, about 0.20 m high. From the center of the 
bed rises a stake provided at its top with an iron pin serving as a 
pivot, around which revolves a horizontal beam or lover, This latter 
consists of a tres trunk, pierced in the middle, and both ends of which 
ате bent down towards the hed of the arrastre. To this beam are 
fastened several heavy stones, bound firmly to it, by rattan, and when 
turned round by buffaloes harnessed to it, the stones are dragged 
round on the bed. In this manner the broken rock, which has been 
mixed with water, is ground to a fine mud. The output of such a 
device is stated to have been from one to three tons a day. 


Remmants of arrastres and anvil-stones are frequently met 
with in the Mambulao-Paracale region. Jagor continues: 


The further treatment of the fine mud from the arrastres was done 
by women on а most primitive sort of riffe-boards, These consisted 
merely of a small wooden sluice, at certain intervals provided with 
eross-slats directed obliquely downwards from both sides towards the 
center of the sluice, where a narrow gap permits the water to pass 
through from one slot to the next one, so that a very slender stream 
flows evenly spread aeross the whole width of thé board, at the lower 
end of which is a complete eross-cleat. In front of each cross-slat a 
woman in a kneeling posture spreads with her hands the auriferous 
mud over the board. When the light sand has been washed away, 
there remains a concentrate, consisting mainly of iron minerals, quartz 
and gold dust. This mixture is taken up from time to time with а 
flat pieec of wood and laid on one side. At the end of the day's work 
it is further concentrated by being panned in a flat wooden dish called 
batea or faberie. At last it undergoes the final concentrating process 
in a coconut shell; a soapy vegetable sap extracted from the gogo, a 
climbing mimosa (Entada pursete) is added to prevent the fine gold dust 
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from floating. It should also be mentioned that the lumps of ore directly 
coming from the mine, before crushing are rinsed in water in order to 
remove the gold contained in the mud adhering to them. 


At the placers of Camarines some primitive dipper dredges, 
with a tread-mill device for the dipper, were in use. They are 
capable of handling two or three cu m per day. (101) 


There are no direct statements in the reports about the use 
of amaigarmation at any of the Philippine deposits, but it seems 
likely that this process was introduced by the Spaniards. Grau 
y Montfaleon in 1637(60) mentions that quicksilver is brought 
to the islands in great quantities by Chinese, and this was 
probably largely used for amalgamation purposes, although 
another use was for amulets, Dampier(66) also mentions that 
quicksilver was imported from Lima (Peru). 


Аз for the values recovered from placers and veins some 
words may be added, although information on this point is 
naturally very scant. No doubt, the virgin placers were in 
many places extremely rich, considering the intensity of erosion 
and transportation of debris in a rugged country with a moist 
tropical climate, and the widespread occurrence of veins and 
stringers in practically every drainage area. 

However, there is only one scrap of vague information re- 
garding their actual yield in early Spanish time. It is а 
statement by a dato (chief) Bahandil, about 1580, to the effect 
that in the Tirurei River (Cotabato) the output of a man per 
day was from 2 maes to М tael (7 to 17 gr), quite а high 
figure.(33) 

In the present century the alluvials of Cansuran (Surigao) 
yielded Peso 15.60 (12 gr) from 7.5 cu m of gravel, daily for 
one miner with three assistants, corresponding to Peso 2 (1.6 
gr) per eu m. 

In Camarines, where intense placer-mining had been carried 
on for centuries, dredging grounds were found early in this 
century returning P2.48 per cu m, although the average did 
not run higher than P0.52. 

The alluvials of Misamis were reported by Abella(76) to 
have yielded from 0.62 to 8.52 gr per ton, out of a total gold 
content of 0.76 to 5.91 gr. 
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‘As for the values extracted from quartz veins, they have 
naturally been very variable, from thousands and hundreds of 
grams per ton in rich stringers down to the limit of profitable 
mining under existing conditions. Samples from Benguet in 
1624 assayed by the Spaniards (65) yielded 22 gr on the average 
(cf. p. 583). The main vein in Mambulao averages about 10 
to 15 gr, although soft stringers may contain much more. 

The gold dust obtained by washing was poured into the 
shells of a bivalve mollusk (Cardivm). These shells weve 
placed in potsherds and covered with some charcoal. The 
coals were kindled and fanned by a woman blowing through а 
bamboo pipe until the metal melted. In this way small ingots 
were obtained. (80) 

Apparently this was the state in which the metal produced 
at places near the coast—where there was an abundant supply 
of such shells-—was finally marketed. The inland gold was 
probably sold as dust. There are no hints in the Spanish 
reports about any sort of refining operations, although such 
processes were known to several Oriental peoples in ancient 
time.(95) The metal obtained by the natives during early 
Spanish time varied in fineness from 10 to 22 carats, or say 
400 to 900 (cf. p. 554). Viana(70) in 1765 mentions that 
gold from 18 to 22 carats was circulating in the market. 
Bowring (80) in 1859 states that ‘its fineness seldom exceeds 16 
carats. The metal alloyed with the gold is predominantly 
silver, with minor amounts of iron. The gold produced by 
dredging in Camarines during the first quarter of the present 
century was around 850 fine and contained 188 of silver. Ja- 
gor(89) gives an analysis of a gold ingot obtained by him at 
Camarines: gold 774, silver, 190, iron 5, and silver 30. 

The metallurgical operations of the natives seem to have 
been directed more to adulterating, than to purifying the 
metal extracted. In this art they are stated to have excelled, 
and metals for alloying were specially imported from China 
(cf. p. 554). 


ESTIMATED GOLD PRODUCTION 


On the basis of the scattered data found in the Spanish 
reports it is possible to arrive at а rough approximation of the 
production of gold during the pre-Spanish and Spanish eras. 

As already mentioned, the stocks of gold possessed by the 
natives at the time of the Spanish conquest were not large, 
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and what the Spanish pioneers exacted ав а first “tribute” 
may not have totalled more than 500 kg (cf. р. 562), a very 
small amount when compared to the quantities that had been 
extracted and exported to China during the two odd centuries 
of gold production preceding the advent of the Spaniards. 
Nor does the figure given above represent the total of the 
existing stocks, for a larger part of them had probably been 
concealed and had escaped detection. The total of these 
stocks may, therefore, be tentatively estimated at say 1,500 kg. 

For an estimate of the quantity previously exported to the 
neighboring countries, particularly China, some data given in 
the early Spanish reports may serve as а guidance. Morga(49) 
claims that during the first years of Spanish occupation the 
tithes collected by the government used to amount to more 
than 10,000 pesos (gold) (40 kg) apart from tribute gold, and 
that mueh gold was also hidden and smuggled out, According 
to Pefialosa(32) and Loarca(34) опе single galleon in 1582 
carried to Mexico 2,000 marcos (442 kg) of gold. And since 
gold extraction was an industry at that time rather hampered 
than stimulated by the Spanish conquerors, it may be safely 
concluded that the output had previously been larger than the 
above data indicate. If it be supposed that the native pro- 
duction of gold had, from its inception in the 14th century, let 
us say two centuries previous to the Spanish conauest, risen 
evenly from zero to 500 kg it would have been on the average 
at least 200 kg annually. To avoid the danger of exaggeration 
it may, however, be assumed that the average was only half of 
the above, or 100 kg, an amount which, considering the rich 
virgin placers, does not seem excessive. 

The production during the earliest period of Spanish rule 
may also be gauged from the data given in the preceding 
paragraph. After 1582 there was a rapid decline owing to 
the discouraging effect of the importation of Mexican silver. 
In 1584 the tithes are reported to have been only 4,000 gold 
pesos(35) corresponding to a production of 160 kg. Yet the 
galleon Sta. Апа, which was captured on November 4, 1587, by 
the English buccaneer Thomas Cavendish, D carried 122,000 
pesos of gold (about 488 kg). This export was, however, soon 
yeduced to an insignificant amount of wrought articles, since 
Mexico herself, along with other American countries, started 
to produce a large surplus of the yellow metal. The bulk 
of the Philippine output was, therefore, again diverted to 
China, whither it went in payment of the Chinese goods which 
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the Manila merchants bought for transshipment to Mexico. In 
1598 the output had shrunk so that both tithes and tribute 
together amounted to less than 1,000 pesos or 4 kg, (42) corre- 
sponding to a production of less than 40 kg. And in 1608 the 
tithes aggregated only 800 pesos or 3.2 kg,(48) as a consequence 
of the greatly diminished output from the Igorot mines. But 
this marks the bottom of the slump; in 1621 production was 
on the upgrade again, 2,000 pesos of tithes being collected. (52) 
With the growth of population and the sense of comparative 
security that was gradually established, gold mining seems 
to have continued to expand during the 17th and 18th 
centuries, partly because of the fact that the tribute was re- 
duced from 8 to 5 reals.(63) And a great stimulant was the 
total abolition of the tithe. From a report(95) of 1765 we 
learn that 

“the gold which the infidels bring down from the mountains there (in 
Pangasinan) . . . excecd 300,000 pesos (dures, or silver) and with that 
which is brought from other provinecs reaches 500,000 pesos." 

Montero y Vidal(72) also states that in the period 1764-1800 
the gold obtained from the placers used to amount to 200,000 
pesos. The gold equivalent of 500,000 pesos duros is about 900 
kg which seems to be the peak production of the whole pre- 
American period. It is true that still higher figures are given 
by an anonymous Englishman (who was apparently a keen 
observer) ,(73) describing conditions in 1819-1822, but to be 
on the safe side we will assume that he was guilty of exaggera- 
tion. He stated that the amount of placer gold “obtained by 
the rude efforts of the natives, merely washing the sands of the 
torrents, is very great, and certainly does not fall short of 400,000 
to 500,000 dollars (silver pesos) worth annually.” 

Buzeta and Bravo(81) in 1851 give 100,000 pesos as the 
yearly output of placer gold in Luzon alone, and if the gold 
from the Mountain province and other sources is included, the 
total may have been more than the double of this figure. 
During the latter half of the century production gradually 
declined, as the richer placers were being exhausted and the 
mines were reaching a depth at which unwatering and hoisting 
or haulage became a serious problem. From data given by 
Centeno(83) in 1876 the gold output at that time may have 
been slightly over 100 kg. The disorder prevailing during the 

"Although importation of silver pesos from Mexico commenced already 
about 1880, gold pesos were retained as the oficial medium of exchange 
and still remained so in 1635; but later in the same century silver 
pesos of 8 reals became the standard. (36, 30 and 60) 
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concluding years of Spanish rule was, of course, detrimental 
to the mining industry as a whole. 

The following tabulation represents an attempt to estimate, 
on the basis of the data given above, the total gold production 
of the Philippines prior to the American occupation. 


PRODUCTION 
Year Annual average Aggregate 
Ko Ko 

1850-1569 100 29,000 
1570-1579 400 4,000 
1580-1589 200 2,000 
1590-1599 60 600 
1600-1609 40 400 
1610-1619 30 300 
1620-1629 50 500 
1630-1639 60 600 
1640-1649 ло 700 
1650-1659 80 800 
1660-1660 90 900 
1670-1679 100 1,000 
1680-1089 120 1200 
1690-1699 140 1,400 
1100-1709 160 1,600 
1710-1119 180 1800 
1720-1729 200 2,000 
1780-1189 220 2,200 
1740-1749 260 2,600 
1750-1159 320 3,200 
1760-1769 450 4,500 
1770-1779 400 4,000 
1780-1789 380 5,800 
1790-1799 350 3,500 
1800-1809 350 3,500 
1810-1819 350 3,500 
1820-1820 200 3,000 
1830-1899 . 250 2,500 
1840-1849 . 250 2,500 
1850-1859 . 200 2,000 
1860-1809 150 1,500 
1870-1879 . 125 1,250 
1880-1889 . . 100 1,000 
1890-1809 . . & 500 


Total 80,050 


This total of 80,000 to 90,000 kilograms is the nearest 
approach to an approximation that the scant existing records 
permit, It represents the aggregate quantity wrung with erude 


primitive methods from the auriferous alluvials and quartz 
veins of the Philippine Islands in the course of five centuries. 


576 The Philippine Journal of Science 1008 


As measured with modern standards this quantity is not large, 
and it is smaller than the aggregate production by modern 
methods during the present century. It offers a striking 
contrast to the enormous quantities yielded by the mines and 
placers of Spanish colonies in America, and unlike the latter 
it did not contribute to swell the mother country's treasury. 

During the three odd centuries that Spanish rule lasted in 
the New World, Mexico produced the double amount of the 
yellow metal, Bolivia and Chile each three times, Brazil ten 
times and Colombia twelve times the output of the Philip- 
pines.(95) Yet in the internal economy of the Islands this 
gold played a considerable part. During the centuries of the 
galleon trade it paid for a part of the Oriental—principally 
Chinese—goods that were imported to Manila for transship- 
ment to Mexico, and it also helped to pay for the commodities 
needed for domestic consumption. 


PRINCIPAL MINING REGIONS 
MOUNTAIN PROVINCE 


Shortly after their occupation of Manila in 1571 the Spaniards 
obtained the first vague information from the natives about 
a rich gold country somewhere in the northern part of the 
island,(19) in a province called Yloquio, a name easily identified 
with the present Ilocos. In 1573, Saleedo(20) was sent by the 
government to explore that country. Finding, however, that 
the gold mines were not situated in the region bordering the 
coast which he was able to reach, he contented himself with 
collecting tribute from the inhabitants of the coastal region, 
dispossessing them of the gold they had obtained in exchange 
for food sold to the gold digging race living among the in- 
accessible mountains of the interior. 

The first attempt to penetrate into that gold country was 
made in 1576 at the intiative of Governor Sande(30) who sent 
out a military party, consisting of a sergeant-major ‘with 
forty arquebusiers. By what route this expedition actually 
proceeded and how far it penetrated, cannot be ascertained, 
since the report is distinguished by a total lack of geographical 
names. It is claimed, however, that it reached the mines, 
which are described as located in a very rough country, twenty 
leguas (110 km) inland; that the way thither is obstructed by 
great forests; that the country is very cold and that it has 
great pine-forests, He also brought back some samples which 


92,4 Tegeugron: Gold in the Philippines 577 


were sent to the viceroy of Mexico. Sande, however, dissuaded 
from any attempts at exploiting these mines under Spanish 
management, because of the inaccessibility and barrenness of 
the region and the hostility of its inhabitants. 

Somewhat later several military expeditions were sent to 
Tuy (47) or upper Cagayan Valley, to pacify northern Luzon, 
the route followed thither being up the Rio Grande de Pam- 
panga, through Pampanga and Nueva Ecija, crossing the 
watershed to Magat. In connection with one of these expedi- 
tions governor Gonzalo Ronquillo (governor, 1580-1583) sent 
Juan Pacheco Maldonado to penetrate into the mountains 
westward into the gold region; but having wandered about 
in the wilderness for about two months, allegedly without 
finding any Indians, his provisions were running low and he 
had to return without having attained his goal. He is stated 
to have been a man of "little intelligence.” 

Somewhat closer geographical directions are given by Pedro 
Sid, who was sent in 1591 by governor Gomez Perez Dasma- 
тійав(47) and learned from the natives of Tuy that the gold 
was obtained from a people called Ygolotes. Since this is 
obviously a corruption of Igorots, it appears evident that this 
old gold country is really that of the Baguio region, inhabited 
by the said tribe. Sid further states that the gold is obtained 
at Bayaban near Ygyat and Panuypui and Bila, behind a 
range of mountains. The writer, not being familiar with 
those mountains and lacking good maps, is unable to identify 
these names. 

In 1594, Luis Perez Dasmariñas, who suceceded his father 
as governor upon the Jatter's death, 

"sent Captain Clavijo with orders to go on farther jn order tr 
discover the mines of the Ygolotes, Although that captain left the province 
of Tuy in search of Ygolotes he returned back on the way, because he had 
been assaulted by more than one thousand Indians. The latter wounded 
his guide, Don Dionizio Сарою, very severely iw the face; and it is 
reported that the captain was forced to return because he had no one 
to guide him.” (47) 

It is not until 1609 that we learn from Juan Manuel de 
Vega, (47) an official who had been directing the affairs of Tuy, 
something quite definite about the location of the gold country. 
He states that 

“this region lies between the provinces Cagayan, Ylocos, Pangasinan 
and Tuy ... м a district four or five leguas in extent, and included 
between two large rivers which flow into the province of Pangasinan.” 
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These two rivers can only be the Agno and the Bued rivers, 
between whose upper reaches lies the Baguio gold mining 
region with its old Igorot workings. 


After all these frustrations there was, however, considerable 
hesitation on the part of the Spanish officials as regards the 
exploration of the gold-bearing region. They dreaded to 
tackle both the deep forests and the lofty, precipitous moun- 
tains, giving their valiant inhabitants all the natural advan- 
tages in resisting invaders, The Igorots on their part feared 
“that the Spaniards will go te seek them for their gold and 
say that they keep the gold better in the earth than in their 
houses.” (149) They curtailed production in order to attract 
the least attention. And the Dominican friars who admi- 
nistered the neighboring province of Pangasinan, became their 
secret allies for humanitarian reasons, “considering the host 
of vexations, injuries and losses, and the diminution of members 
that are suffered by the Indians in all the western Indias on 
account of the labor in the mines."(52) To prevent a repeti- 
tion in the Philippines of these cruelties they “have tried 
with all their might to cover up this information, on account 
of this fear that possesses them.” And accordingly, for about 
fifty years after the occupation of Luzon, the Igorots and their 
mines remained undiscovered, and the government seemed to 
have settled down to the conviction that they were not worth 
while to bother about. 


But at this time Hernando de Rios Coronel, (52) a high official 
(procurator general) in Manila, had become intensely curious 
about the Mountain gold. As an ordained priest he had 
obtained the confidence of several Dominicans from Pangasinan, 
and the upshot of his inquiries was a memorial to King Felipe 
ІІ in 1621, in which he strongly recommended a large 
expedition to explore the region. Althongh his deductions were 
built only on hearsay, he wrote with great assurance and 
with all the authority of his high position, and at the same 
time most alluringly, about the amazing riches of these mines. 
Already his introductory sentences give the keynote: 


In the Philippine Islands, in so far as I have been able to learn (and 
I consider it certain), your Majesty has, without going to conquer 
foreign kingdoms, the greatest wealth which has been found in the 
Indias, 
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The bishop of Nova Segovia had certified 

“that there was ihe greatest wealth in the world, and that they had 
brought him from one hill a little red earth of which the whole hill is 
composed, which was as much as they could put upon a silver platter. 
They washed it in his presence and took out seven taes (about 220 gr) 
of gold, which amount to forty-four castellanos. He asserted that in 
every part of the hill the carth was all of this richness.” 

Cautiously enough, however, Rios adds that “even if there 
were not in these mountains the wealth of which we are told, 
it seems that the obligation to pacify these Indians exists, and 
that the holy gospel ought to be preached to them.” His alleged 
seruples regarding the anticipated maltreatment of the natives 
had been overcome by a lucky idea he had hit upon, viz. to 
use Chinese labor for developing these mines. 

There was at the time at Manila quite a large settlement of 
this people who were envied and hated because of their superior 
shrewdness and business acumen and therefore had been 
harrassed and hampered by all kinds of restrictions and taxes, 
sometimes even actively persecuted.(89) Accordingly, many of 
them had difficulties in earning their livelihood. So the worthy 
official had arrived at the conviction that 

“the same reasons did not hold there (in the P.L) as in Nueva España 
(Mexico) and Piru (Peru), for ill-treating the Indians; for there are 
so many Chinese who are raising their hands to Ged to find something 
to work at—as many as necessary.” 

This rather curious argument had also converted the religious 
to his point of view, so that they had become willing un- 
reservedly to furnish him with information. 

No wonder that this powerful appeal, alike to the avarice 
and to the civilizatory duties of the king, had the desired 
effect. In a letter dated Madrid, October 9, 1623, king Felipe 
IV, who had in the same year succeeded his deceased father, 
instructed(53) the governor of the Islands, Fajardo de Tenza, 
to carry out the exploration of this “Eldorado.” In pursuance 
of the royal command an expedition was fitted cut at Manila 
under the leadership of sergeant-major Alonso Martin de 
Quirante.(55) It was quite an imposing expedition, for as 
finally organized at the port of Aringay in Pangasinan, it 
consisted of 70 regular Spanish soldiers and officers of his 
company, là adventurers (“extravagantes”) as substitutes, 
2 sailors (one of them a miner), 2 Japanese miners, 1 armorer, 
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1 clerk, 1 notary, 11 of his Majesty’s negro slaves (galley- 
slaves), 9 Indians (Filipinos imprisoned for crimes), 47 
“Sangley” carpenters, smiths, sawyers, and 1,748 other Indians 
(Filipinos), of which 898 men from llocos were formed into 
twelve companies, and 855 men from Pangasinan were formed 
into ten companies. Finally, there were two religious fathers 
to act as the "curas and vicars for the success of the said 
expedition." 

After а general muster at Aringay on February 14, 1624, 
Quirante on the 16th dispatched an advance party consisting 
of 200 soldiers and 200 Indians with light equipment, to clear 
the way and to establish camping places, whereupon the 
main force, divided in three parties, started successively with 
a day's interval, Quirante himself with the Jast division 
starting on February 19. The route taken by the expedition 
is not sufficiently clearly indicated, but probably the trail Tubao- 
Puga-Tuba, north of Mount Sto. Tomas, was followed up 
towards the Baguio region. On the 22th the whole expedition 
was again united at a place called Buena Vista, where stockade 
forts erected by the Igorots were encountered at a narrow 
defile. These were taken by storm on the next day by Qui- 
rante with 30 soldiers. The resistance of the natives was 
suprisingly weak; probably they were overawed by the numbers 
and firearms of the invaders. On the 24th the entire expedi- 
tion passed on, arriving after two day's march at "the new 
mines called Galan, about three leguas (17 km) from Rio 
Frio" where 200 houses—abandoned by their occupants who 
had all fled lay scattered among the hills. Here, in a dominant 
position, the Spaniards started building a fort which they 
called Santiago. 

On February 28th Quirante sent back most of the Filipinos, 
retaining only 200 natives from Pangasinan and Ilocos, as well 
as the Sangleys and prisoners. His orders were that the 
party sent to Aringay should bring back three months’ 
provisions. On March 24 he mustered all the remaining men, 
paid off and despatched most of them, keeping only some of 
his soldiers, 120 Filipinos from both provinces, 31 Sangleys 
and 5 extravagantes. The lieutenant in command of the 

< Corruption of the Chinese “shang lei,” meaning itinerant merchant. 


This term was commonly used in the Philippines as а synonym for 
Chinese. 
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departing party was ordered to send up on May 15th 400 other 
natives from Pangasinan and 100 ones from Ilocos, all laden 
with provisions and other necessaries. Having done this, 
Quirante devoted himself exclusively to the gold mines. 


For that purpose I immediately ordered Martin de Vergara, my alferez 
Rodrigo Lopez Orduña, Juan Mugaburu, Graviel Molinero, and Diego de 
Tovar, soldiers of my company and al miners, and other persons who 
understood something (of mines) to investigate and reconnoiter. 


The description given of the various mines, however, is 
confused and hazy, and therefore difficult to get either head 
or tail o£. 

However, it may be gathered from the report that the 
natives—besides extracting gold from the gravel of the stream- 
beds during the rainy season—were carrying on mining in five 
different localities. The approximate distances between these 
places are estimated, but no points of the compass indicating 
their mutual situation are given. Since, moreover, most of the 
names are unrecognizable at least to one not intimately familiar 
with the geography of the region, the writer is unable to 
identify them, except the Antamok mine which today still 
is known under the same name. These are the five places 
mentioned; Galan or new mines, uppermost; Arisey or Buga- 
yona, three leguas (16 km) from Galan; Baranaban 1 legua 
(5.5 km) from Arisey; Antamog 2 leguas (11 km) from Arisey 
and 5% leguas (30 km) from Galan; Conog 16 iegua (2.8 km) 
from Antamog. 

The mine of Galan is described as situated 


“in the northorn part (of the ridge) and extends from above downward 
in the manner of a horizontal vein or shell for the distance of а musket- 
shot from northwest to southwest and then twists about for another 
equal distance to the direction that looks toward the northwest and east, 


until it disappears into the depths of a ravine,” 
At the time of the arrival of the Spaniards 


“the Ygolotes were working at the said mines through many mouths 
ог passages that they had opened, following the metal of one large vein, 
from which they were taking out the ore that was softest and easiest 
to dig, although it contained blue iron pyrites that contain antimony.” 


The Spaniards opened a new shaft {or adit) in the center 
of the old mine and took out a considerable amount of ore for 


sampling and assaying. 
$24148— 1 
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The workings at Arisey' are described rather obscurely 
as situated on а slope facing west and have “а descent of one 
half legua that is very troublesome as it is very steep with 
two divisions of ravines at the side and precipices along both 
slopes and also in front.” There is “а slope whieh is at the 
foot of the work where the natives washed (gold) and gathered 
certain small stones known to them which they crushed for 
their profit.” No solid vein was found here; only loose “dirt,” 
and the old workings had all collapsed. At the mouths of the 
latter some ore was obtained for assaying. 

At Baranaban, on a barren hill facing south, there "runs a 
vein about one vara (0.8 m) wide, extending east and west 
for some distance. There are some works and openings there, 
narrow and distinct one from the other. Thence were taken 
fifteen baskets of gravel and dirt, which has the color of 
coal.” This description refers to the black manganiferous 
ore which is quite common in the Baguio region. 

The Antamog mine is stated to be situated facing south 
from a large hill and 

“traversed by very narrow small threads (stringers) of white and yellow 
metal while all the elevation is traversed by and filled with passages, 
which are found intermixed, opened sidewise from the vertical and inward, 
and dipping downward scarcely at all, as the threads of the metal are 
not deep. In order that these may not cave in, they are propped up 
with stakes and boards. From the said threads they obtained a kind 
of brass-colored and less dirty earth, (?) in order to wash it at 
another large placer that they had at one side of the said elevation.” 


Twenty baskets of ore were taken from here for sampling 
and assaying. 

The last of the above mentioned places, Conog, is said to be 

“located in the same chain. The said elevation, turning, extends towards 
the north, In it are to be seen five or six openings or passages, that 
differ but little from those of Antamog. No considerable or funda- 
mental vein was found, but only brass-colored carth that contained some 
small bits of blue metal containing iron pyrites, all of them very soft." 


Ten baskets of ore were collected here. 
Quirante remained at the mines till the end of May and 
when leaving carried with him 100 quintals (4,600 kg) of 


"Quirante here makes an enigmatic statement about an old fort called 
Del Rosario, situated at this place which had been "destroyed by fire 
in November of the past year. 
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ore samples. At Fort Santiago he left a garrison of 56 
Spaniards, 50 Filipinos (25 Pangasinan men and 25 Ilocos 
men), the 11 galley-negros and one armorer, provided with 
food and supplies for 15 months. 

Quirante’s general impression of all these gold deposits was 
not favorable. About the alluvial gold extraction he writes: 
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In the rainy season, that wretched race (which he elsewhere describes 
as bold, well-built and active) most of whom are miners, unite with 
their wives and children to wash the sand of the streamlets that flow 
from the mountains, where with less work than in their mines, by 
avoiding the digging and crushing, they get some gold, although very 
little. 

Of the profit derived from mining he also has а very low 
opinion: 

и“... those Ygolotes are indebted to the natives of the villages who are 
our friends, and are unable to pay those who give them credit, the wealth 
and wit of both peoples being so small and restricted that, although those 
people have no other kind of expenses, or other thing to attend te, 
than the product of their mines, they are very generally in debt—sure 
proof of the mistake made in believing that the gain is much, or the 
said mines of much importance, as has been demonstrated by experience.” 

These pessimistic inferences and misgivings of Quirante 
were fully borne out by the assays, of which a first series 
was made on the spot.(55) For extracting the gold from the 
samples amalgamation was used, the amount of mercury added 
to the crushed ore being as a rule at the rate of 1 lb of 
mercury to each quintal of ore, or about 1 per cent. The size 
of the individual samples usually varied from 1 to 3 quintals 
and the fineness of the gold regulus obtained ranged from 14 
to 22 carats, These assays, with the values recaleulated as 
grams of pure gold per metric ton, are given in the following 


tabulation : 


Galan 185  Barnaban . 119 
Galan 17 m depth . 51  Arisey 61 
Galan 4.6 Antamog 3.2 

2360 Cones 32 
Galan . Galan, near Santiago nil 
Galan 17 та depth 180 Gan 122 
Galan 19 m depth 33.2 Galan, near Santiago 17.0 
Galan washing place 59.0 Galan western part nil 
Galan vein 10.6 Gala .. 248 
Galan cont, Sb 8.7 Galan first hole . nm 
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The average of these assays is about 22 grams per metric 
ton, equivalent to about P26.00 per short ton, a tenor which, 
incidentally, comes very close to that of the Benguet ore 
mined and milled today. Such a comparison, however, would 
be misleading. On the one hand, Quirante’s assays were no 
doubt very much lower than the true values in his ores, because 
a considerable portion of the gold is not extracted by 
amalgamation. On the other hand, most of the samples probably 
represented picked or washed ore, higher than the average. 
Of the values actually contained in the ore mined and extracted 
by the Igorots at that period, these analyses, therefore, give 
only a rough idea. At any rate these assays, as well as the 
other facts reported by Quirante, proved a grievous disappoint- 
ment to the Spanish authorities. For not only were the values 
far below the extravagant expectations aroused by Rios Coro- 
nel’s fancy tales: they were even below the limit of profitable 
extraction, as practiced by the Spanish miners of those days, 
particularly in a remote and inhospitable region. At a 
council held in Manila on July 18, about a month after 
Quirante's return,(55) it was decided to send all the samples 
to Mexico, for checking the assays made at the mines. There 
even seems to have lingered a hope that the poor values 
obtained so far were due not to the poverty of the samples 
themselves, but to the lack of ability on the part of the 
assayers. For in the minutes of the said meeting it is stated 
that in Mexico, where 

“there are many persons skilled in mines and assay of ores .. . they 
might be able to furnish the accurate tests that had not been arrived 
at here, If they did not succeed in ascertaining its quality there, that 
would be a great proof of the disillusion talked of here." 

The same ideas are algo implied in a letter from Governor 
Fajardo to the King, dated August 178 in which he notifies 
the latter of the results of the expedition :(54) 

The indications of the mines, the disposition of the ridges and the 
quality of the earth where they are, promise more richness than do the 
trials which have been made thus far by washing and separating the 
gold. Until all the tests which are used for this purpose have been 
made, it cannot be certainly said what the value will be, although it 
appears to me that cannot be small, considering the large amount of 


gold which the natives take from the mines and barter with the 
friendly Indias. 


8In Blair & Robertson the year is stated to be 1628, but the events 
referred to in the letter prove that it was written in 1624. 
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At the said conference in Manila it was, furthermore, voted 
that the expenses for opening up the mines be eurtailed and 
that the garrison of Fort Santiago be withdrawn. This was 
done, for in a letter to the king, dated August 4, 1625, the 
Acting Governor Fernando de Silva(56) reports: 

Your Majesty orders me to advice you of the mines of the 
Ygolotos. ... More than fifty thousand pesos were spent in the mines, 
but nothing was found at last. A quantity of rocks were sent to Nueba 
Езрайа in order to be assayed there, аз we had no one here who 
understood it, and the soldiers having been withdrawn, that exploration 
was abandoned, as a matter of fact that did nof have the desired result. 
So the king had to accept the failure and in a letter to Governor 
Juan Niño de Tavora, dated November 21, 1625, the latter 
was instructed to handle the question of further attempts as 
he saw fit, And there the matter was dropped. Was ever a 
fiasco more complete and more mortifying? 

Yet only twelve years later, in 1637, all the adverse ех- 
periences seem completely forgotten, for in that year the 
Procurator General Don Juan Grau y Monfalcon(60) memo- 
rialized the king about “persistent rumors regarding the 
Pangasinan hills, which are forty leguas (220 km) away from 
Manila, namely that they are full of gold.” 

No further attempts to solve the mystery of the Mountain 
gold were made, however, until 1668, when Governor Diego 
de Salcedo sent an expedition for the christening and conquest 
of the Igorot country.(65) Admiral Pedro Duran de Monforte 
was appointed commander, and several priests accompanied the 
expedition, Although they had considerable success in con- 
verting and subjugating the Igorots, their efforts to discover 
any rich gold deposits in that region were as futile as before. 

Casimiro Diaz(65) thus describes the results arrived at: 


The Spaniards did not neglect to look for gold mines, for the working 
of which they took along miners and plenty of tools. But although they 
found mines in the latitude of 17 degrees, from which the Igorots 
extract very fine gold, our miners could not obtain any in all the assays 


that they made, for all went up in smoke. 
This meant 


“frustration of all the hopes for the rich gold mines which so incited 
greed; for all those who went on that expedition were boasting that they 
Bro already Croesuses and Midases, it is certain that the lgolotes 
zet the great quantities of gold which they have brought down to sell 


in the provinces of Ilocos and Pangasinan; but it appeara that divine 
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wisdom does not choose that they should fall into our hands, for 
it was very certain that we would make an ill use of that benefit.” 


Again the same results: no deposits rich enough to yield 
attractive profit—and the Spaniards had to acknowledge tacitly 
the superiority of the Igorots—under existing conditions—as 
miners and metallurgists. 

This was evidently the last organized attempt of the Span- 
lards to exploit the Mountain gold for their own benefit, 
Henceforth the Igorots were left in undisturbed possession 
of it, and they went on with their gold mining as before, A 
century after Diaz' expedition, in 1765, Viana(70) mentions 
this region as still being the chief gold producer in the Islands. 
After that time this mining center seems to have received 
little attention from the authorities; it appears that the output 
declined, as the mines were becoming too deep for convenient 
unwatering without mechanical installations. 

It was not until the first years of the present century that, 
under American auspices, operations on a modern scale were 
Started in this region which is now the most prosperous gold 
center of the archipelago. 


PARACALE-MAMBULAO 


The Paracale-Mambulao region in Camarines Norte is the 
only gold field in the Islands where the Spaniards made 
persistent attempts to organize and keep up production. 

Exactly for how long a time prior to the arrival of the Spanish 
conquerors the placers and mines of Camarines had been 
worked by the natives cannot be established; but located 
close to tide water and conveniently reached from the Visayan 
center of the archipelago through San Bernardino Strait, 
they must have been discovered early enough when the gold 
cult spread over the Islands. When Legaspi started to explore 
the Visayas, the Chinese had already a well established and 
regular trade connection with Camarines, whither they came 
every year, as mentioned by Rada(17) in 1569, and the Spaniards 
found both placer and lode mining carried on to a considerable 
extent. 

Shortly after Legaspi's occupation of Manila, in 1571, one 
of his exploring parties under Juan de Salcedo,(19) in making 
a raid east of Laguna de Bay, learned from the inhabitants 
about the existence of gold mines somewhere farther east. 
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Promptly he decided to march thither right across the country. 
He 

“crossed with sixty men to the opposite coast of the island, in quest 
of some mines which the natives had told him were very rich and 
abounding in gold. These mines are on the opposite coast of this island, 
which is the northeastern, and the natives call them the mines of 
Paracale. When the captain had arrived at the mine with his soldiers, 
who had suffered much from the march, because it was in the wet 
season, they found them excellent and very rich, and more than thirty 
or forty estados (50-70 m) in depth. The natives were afraid and 
did not await the coming of the Spaniards. Some of the soldiers 
complained that the captain conducted himself badly. And thus they 
xeturned having lost by death of four soldiers 2 
Some more details about this expedition have already been 
told (cf. footnote on p. 559). 

Even if the depth of the mines as stated above, has been 
much exaggerated, and very likely refers to the length of the 
tunnels which the Spanish soldiers never measured, it is 
beyond doubt that lode mining had been in progress for a 
considerable space of time. 

To what extent the Spaniards took the initiative in de- 
veloping gold mining does not appear clearly from available 
documents. 1% is evident, however, that the gold production 
from both placers and mines continued, probably under the 
direction of Spanish overseers. Mirandaola,(25) in 1574, 
mentions “gold mines in Paracale and a river near by from 
which fine gold is taken.” The Spanish galleons, coming from 
Mexico twice a year, made this place a port of call, and 
from that country also a notable improvement in the crushing 
of the ore—the arrastre—was introduced (cf. р. 570). Yet 
here as elsewhere there was a tendency to decline, because 
the natives preferred to pay the tribute in money. In a 
report (50) from 1617-1620 it is stated: 

It is believed that as much gold is made now as usually, yet it seems 
a small quantity, for although the Indians in general have more money 
than formerly, they keep back the gold to work up into chains and 
jewelry with which they adorn and parade themselves freely. 


Instead, they paid their tribute in tin reals. 

In 1626, the alferez (ensign) Don Diego de Espina dis- 
covered the "vena grande" on mount Calacot (?) which was 
probably identical with the main vein of San Mauricio near 
Mambulao. (82) In order to induce the natives to develop 
this new vein and instil the necessary sense of security, a royal 
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decree was issued, dated September 22, 1636, instructing the 
said alferez (who was probably in command of the local 
garrison) to safeguard their rights. 

What effect this decree may have had, we do not know: but 
jn a report written by a Franciscan friar (62) in 1649 it is stated 
regarding this district: 


Mines fill up immediately with water and hence they have no im- 
portance to Spaniards, But the Indians, who are plodding and work 
Little by little, get a sufficient quantity. 


The yield, on the whole, must have been good, for in 1662 
Letona(63) states that there are some rich gold mines in 
Camarines. 


In 1701 Don Nicolas Araerjo de Troncoso and Don José Rojo 
de Brione became interested in the gold mines and had some 
work done at Mambulao,(82) but nothing is recorded about the 
outcome of their venture. 


In 1775 Don Francisco Estorga lost a large portion of his 
fortune in the same mines, but he was fortunate enough 
to recover his losses by developing a new mine at Paracale, 
so that he could comfortably retire to Spain.(75) 


The Frenchman Felix Renoard de Sainte Croix, who examined 
the Mambulao gold mines in 1805, is stated to have “explained 
in his report that varions gold mines existed there, with very 
rich veins, but some were difficult to develop and others had 
been abandoned.” Another Frenchman, J, Mallat,(92) who 
visited this region about 1840, found only one mine in operation 
at Paracale, at Mount Bagacay, and his statement that “la mine 
de Mambulao fournit des sables auriféres, qu’on lave,” seems 
to indicate that lode mining was then at a low ebb in this district, 
only the placers being worked. 


An attempt to carry out an extensive drainage scheme at 
the Mambulao mines was made a few decades later by Don 
Manuel Moreno, who in 1848 founded the Ancla de Oro 
Company.(82) A drainage tunnel just to the north of Mam- 
bulao town and close to sea-level was started, evidently with 
the object of reaching the veins under the bottoms of the 
old workings. But the country-rock, an extremely hard and 
tough pyroxenite, apparently proved too much to tackle with 
blunt drills and black powder, and the project had to be 
abandoned after the adit had been pushed only some fifty 
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meters into the hillside. What other development work this 
enterprise may have carried out, is not known, but its efforts 
failed and the company was dissolved in 1859. 

When the German explorer Feodor Jagor (89) shortly after- 
wards, 1859-1860, visited this district, he saw only desultory 
work carried on by the natives who lived in miserable huts and 
went about almost naked. Laboring most of the time in water 
up to their waist, they succeeded in extracting a mere pittance 
of 1 to 114 reals (12 to 19 centavos) a day. But, again, his 
countryman, the noted geologist Richard von Drasche (78) who 
travelled in Luzon during the following decade (1870—1880), 
describes extensive native work in progress at Dagupan, south- 
west of Mambulao. At the time of his visit there he saw 
about 700 men and women busy sinking a great number 
of small shafts down to a depth of some 15 fathoms, especially 
in such places where quartz stringers were visible on the sur- 
face. The output, however, seems to have been small, as Cen- 
teno(83) reported in 1876 that the production of Camarines 
amounted to only 30 Spanish ounces (865 gr) a month. 

The next attempt at a resuscitation of lode mining in this 
region, the last one during the Spanish regime, was started 
in 1893 by a British company, the Philippine Syndicate, 
Ltd.(99) This company acquired from the Spanish Crown 
extensive mining concessions embracing not only the San 
Mauricio group of mines, but also most of the other gold 
occurrences in the Paracale-Mambulao region. Mining on a 
large scale was contemplated, with modern mechanical machi- 
nery and recent improvements in ore dressing and metallurgy. 
Exploration and development work was started at several of 
San Mauricio mines, at Longos near Paracale, where a stamp 
mill was erected and at Tumbaga south of Mambulao, where 
a Huntington mill was installed. At San Mauricio this com- 
pany made development work in the main mine, from the tunnel 
driven from Calupeup valley, as well as further north from 
the "granite tunnel? connecting with the Dona Panay workings, 
and in a third tunnel still further north. But the company 
had not reached the producing stage when ihe Filipino insur- 
rection broke out in 1896, bringing all the activities of the 
company to an abrupt standstill. 

Disturbed condition also prevailed during the following year, 
and in 1898 the Spanish-American war brought renewed hos- 
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tilities to the Islands, the aftermath of which lasted for several 
` years, until in 1902 the American military administration 
finally restored order throughout the archipelago. But the 
company was not minded to go ahead any longer. However, 
3$ may be taken for granted that even had there been no 
sudden interruption of the company’s preparation this enterprise 
would have been doomed to failure. For the ores were only 
partly free-milling and even amalgamation did not extract more 
than at best half of the gold contents of the ore. The cyani- 
dation methods had not yet been developed at that time. 

It should be added that, simultaneously with the activities 
of the British Syndicate, a first attempt was made to dredge 
the auriferous sands of the river mouths of the region. In 
1896, а syndicate of Manila Spaniards constructed a small 
primitive bucket dredge and put it to work in the Paracale 
River.(88) This attempt was a forerunner of the successful 
dredging operations that were started about a decade later. 
Judged by today's standards this dredge was indeed а 
Lilliputian. Its capacity could not have been over 15 cu m; 
it could dredge only to а depth of 2.7 m, and it could not wash 
the dirt excavated, 

Before concluding this account of the history of the Paracale- 
Mambulao region, some stories of local tradition, of which I 
have found no mention in the official documents, may be briefly 
referred to. To what time or period these stories belong is 
not known, but it seems likely that they date from the 17th 
or 18th century. One of the magnates of the palmy days is 
said to have been one Sefior Calupcup, after whom the creek 
draining the San Mauricio area has been named. He is said 
to have paid for all of his purchases in gold dust from his 
mines. Another romantie person of tradition is a lady, Dofia 
Panay, whose name is also perpetuated by some of the workings, 
reputed to have been extremely rich. It is told of her that 
when asking protection from the Spanish Crown against the 
raids of Moro pirates, she had a life-sized hen and a setting 
of eggs made of solid gold which she sent to the queen of Spain 
with her petition. On a hill above the Ancla de Oro adit are 
the ruins of a small fort which is said to have been erected in 
response to Dofia Panay's supplication. 

As an indication of the intensity and thoroughness with 
which the search for the yellow metal has been going on in 
this region, may be mentioned the many hundreds of caves in 
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test pits and tunnels are scattered all over the gold-bearing 
area. They practically cover the accessible portions of the 
veins which have mined out as deep as the workings could be 
drained by primitive methods. There must have been a large 
force of native miners, probably financed, directed and 
organized by Spaniards or wealthy mestizos. Local tradition 
puts the erstwhile number of population in the municipality of 
Mambulao at from 30,000 to 60,000. However, even the 
former figure appears to be an exaggeration, although rough 
stone basements of ancient houses are found widely scattered 
in the jungle, outside the present settlements, mainly along 
the Calupeup Creek valley. Reliable figures for the early times 
are lacking, but Buzeta and Bravo(81) give statistics for 1829 
and 1846. Inthe former year Mambulao had 2,811 and Paracale 
3,504 inhabitants; in 1846 the corresponding figures were 4,428 
and 5,488. 


MASBATE 


The placer workings and mines of Masbate are no doubt 
among the oldest in the Philippines; it is claimed that frag- 
ments of pottery older than the Chinese Ming dynasty 
(1368-1644) have been found near the ancient tunnels and 
open-euts.(101) On their foraying expeditions northward from 
Cebu—where they established their first headquarters—the 
Spaniards hit upon these mines, the first ones of importance 
they had found. Rada(i7) reports in 1569 that Masbate 
has many gold mines, and Artieda(22) in 1573 states that they 
are from two to four estados deep (3.5 io 7.0 m), “somewhat 
more or less, although I have not measured them. I under- 
stand that the mines yield very little on account of the scanty 
wining population, and its trade is of slight value." Loarea(34) 
in 1582 estimates the population at about 500. The placers, 
too, seem to have been worked, for Mirandaola(25) in 1574 
mentioning Masbate, states that gold is taken from the rivers. 
Herrera(22) in 1578 calls Masbate the chief gold mines of the 
country, and Loarca reports that they had formerly yielded 
much gold, “for the natives of Camarines went thither to 
work them, but they have left the place on account of the 
Spaniards and therefore the mines are not worked.” Hence, 
here as elsewhere, the early Spaniards with their depredations 
did more to discourage and destroy the mining industry of 
the natives, than to promote it. 
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The item regarding the connection with Camarines із in- 
teresting; considering the difficulties experienced in the latter 
place on account of water during the rainy season, it seems 
probable that the miners used to set sail for Masbate to take 
advantage of the dry season there. Juan de Vega(47) writing 
in 1609, mentions these mines as still productive, but Pedro 
de Assis(67) reports about fifty years later that "their working 
has not been continued, either for lack of people suitable for 
this work, or for other reasons,” and he explains further 
that when the Spaniards “tried Jater to work them, it was 
found (that the mines) did not produce expenses.” 

At Masbate, as in Mountain province, the Spaniards expe- 
rienced disappointment; their methods were less efficient and 
more expensive than those of the natives. The Masbate mines 
remained abandoned for more than three centuries—save for 
some desultory attempts—until early in the 20th century they 
were again taken up under American auspices. 


OTHER GOLD REGIONS 

Among the Philippine gold regions, both placers and lodes, 
there seem to have been few that were not known and worked 
in a primitive fashion already in early Spanish, or even pre- 
Spanish time. For besides the many localities that are men- 
tioned in the reports of the early writers, there must have 
been a still greater number of deposits omitted, because 
Spaniards had never seen them or heard of them. However, 
apart from the three principal gold regions dealt with above, 
gold deposits are recorded by the early writers in all parts 
of the archipelago, although the localities are not always 
described in enough detail to permit identification. 

Mindanao.—Already Pigafetta(3) claims that gold was the 
most abundant product of this island, and describes how at 
Quipit on the north coast the natives 

“showed me certain large valleys, making me a sign that the gold there 
was as abundant as the hairs on their heads, but they had no iron with 
which to dig it and they do not care to go to the trouble.” 

Transylvanus,(5) also reporting on Magellan’s expedition 
mentions the same place as abounding in gold. Loaisa and 
Villalobos(6, 8) report gold, the latter particularly mentioning 
Butuan in the same region (Agusan). So does Legaspi and 
others (9,19) in 1570 pointing out the country between Butuan 
and Cape Calamite as particularly rich, 
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But Artieda,(23) who had been sent there to explore, in 1578 
reported that 

"the northern promontory juts out between the two rivers Butuan 
(Agusan) and Zurigan (Surigao), famous for their gold, although the 
Spaniards who went there were able to find but Hittle—or to ba more 
accurate, none. According to what I have learned, all the gold mines 
of this island are poor.” 

Again Mirandaola(25) gives a favorable opinion of the above 
district; Artieda, according to our present knowledge, was 
somewhat too pessimistie. Mirandaola also adds the Parasao 
region as gold-bearing. The placers of Tirurei River (Cotabato) 
were known in 1576.(33) 

Loarca,(34) in 1582 points out that there were gold placers 
and mines all over the island “but in so small quantity that 
it can hardly be detected."  Placers in Siargao Island (Surigao) 
are also mentioned by him, and those on the Vermeja Island 
close to Surigao and on Samal in Davao Gulf are referred to 
by Herrera(22) already іп 1573. Both Dasmarinas(40) in 1591 
and Morga(49) in 1609 claim that Mindanao is rich in gold. 

Dampier, (66) at the end of the 17th century, reports that 
the "Ilanos in the heart of the island enjoy the benefit of the 
gold mines, and with their gold buy foreign commodities." 
And in Dalrymple's days, (69) in 1762, Butuan is said to have 
yielded much gold. 

Bowring(80) in 1859 stated that the Caraga Mountains 
(Davao) were productive and Minard(93) in the seventies 
mentioned Surigao and particularly the Pigtao region 
(Misamis). 

Somewhat later Europeans were active in the Cansuran 
district in the center of the peninsula of Surigao.(84) 

Visayas.—Cebu figures in some of the early reports as ап 
important gold region, (6,12) while in other(34) it is stated that 
the island lacks both gold mines and placers. Morga(49) refers 
to the Taribon mine as being worked, and both Dalrymple, (69) 
Bowring,(80) and Buzeta and Bravo($1) mention it as gold- 
bearing and productive. Other regions in the Visayas are also 
referred to, such as Arevalo in Panay, Bohol (Chirino,(46)). 
Already Pigafetta records gold extraction in Limasaua, south 
of Leyte, and Dalrymple claims that Maripipi north of Leyte 
has also plenty of gold. During the northward progress of 
the exploratory expeditions sent out by Legaspi from his 
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headquarters at Cebu, Mindoro was discovered to Бе gold 
producing, (14, 15, 19) but later this island is not mentioned. 

Luzon.—Besides the principal regions described in the fore- 
going, various other occurrences receive early mention in the 
reports, such as Patso, (?) (Вопіос ?), Pacorago(?) and 
Malabago (Maribago?) by Herrera(22) in 1573 and Miran- 
daola(25) in 1574. 

Loarea(34) in 1583 claims that all the land between Tuley 
(Tuy, Nueva Viscaya) and Batangas possess much gold, and 
that there are gold mines at Lobo and Maribago east of 
Batangas town. 

Among later writers, Letona(63) in 1662 mentions gold in 
Pampanga, and Bowring(80) in 1859 states that a company by 
name of Sociedad Exploradora was then engaged in working 
gold mines and washing auriferous sands in Nueva Ecija. 
Buzeta and Bravo draw attention to the Gapan region of the 
same province as containing the purest gold in the islands. 
Bowring states, furthermore, that the most remarkable and 
profitable of all the gold mines worked by the Indians are 
those of Tulbin (?) and Suyue (Suyoc). 

Catanduanes Island off the southeast coast of Luzon was 
visited already by Salcedo, (28) and the gold mines there are 
referred to by Loarca(34) as being worked by the inhabitants 
of Vicor (Bicol) River (Camarines Sur), and the same deposits 
are.also mentioned by Vega.(47) 


APPENDIX 
WEIGHTS, MEASURES AND CURRENCY 


The weights and measures current in the Philippines during 
Spanish time were of twofold origin, viz. Indian and Spanish. 
Malay immigrants, already centuries before the advent of 
the Spaniards, had introduced the former, and many of them 
continued in use throughout the Spanish era, such as the pico, 
the eate, the tae, etc, which, by the way, have been adopted 
throughout the Far East. Castilian weights, measures and 
money were naturally introduced by the Spaniards. The 
following conversion table does not pretend to be exact, 
since the equivalents computed from different sources are 
often considerably at variance. For example, the common 
gold weight, the tae, is variously stated to be equivalent to 
14 and 1р Castilian ounces and 10 reals, corresponding to 


| 
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respectively 31.1, 84.5 and 33.4 grams, while the Chinese tael 
is 37.9 grams. For various reasons the writer believes the 
first equivalent to come nearest to the truth. The gold-silver 
ratio at different periods is required for computing the 
quantities of gold corresponding to values of production as 
given in silver eurrency, and a separate table containing these 
data has, therefore, been compiled. 'The European ratios 
were taken from(95) the Chinese ones from Pierre Hoang, 
La proprieté en Chine; and the Philippine ratios from(10, 70, 
and 80), 


Length 
1 estado or braza = 2 varas = 1.7 meters 
1 vara 0.85 meter 
1 legua about 5.5 kilometers 


Capacity 
1 fanega = 3 barchillas = 55 liters 
1 barchilla = 18.3 liters 

1 ganta = 3 liters 


Weights and currency 


1 cate = 550 grams 
1 pico = 55 kilograms 

1 tae 10 maes = 81 grams 

1де = 10 condareens = 3.1 grams 

quintal = 8 arrobas = 46 kilograms 

arroba = 5.75 kilograms 

рга = marcos = 442 grams 

marco = 8 onzas = 221 grams 

onza = 27.6 grams 

real = 8.37 grams 

ducado = 10 reals = 33.7 grams 

peso oro (gold) = about 4 grams 

castellano — about 5 grams 

peso duro (pillar dollar, silver) — 8 reals — 27 grams of silver, 
about 900 fine 


ee 


Gold: silver ratios 


EUROPE CHINA PHILIPPINES 
1493-1560 . about 1380 1:4 1565... 
1561-1620 . 1573-1619 1:7 
1621-1660 . about 1640 1: 

1661-1875 . 1662-1722 1:11 
1876-1885 . 1736-1795 1:20 1765 .. 
1886-1890 . about 1840 .. 1:18 
1891-1895 .. do 1850 1:14 
1896-1900 .. 1882-1883 1:18 1859... 
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Culot, 484, 491, GIL, 612, 515. 

Curacao apple, 22, 26, 30. 

Curcuma longa Linn, 423. 

Coret, 514. 

Custard apple, 20, 24, 28. 

Cyeadacewe, 422, 

Cycas revoluta Thunb., 422, 

Cyclophis calamaria Giinth,, 369, 
frenatus Giinth., 269, 
tricolor, 388. 

Cymbopogon citratus (DC) Stapf, 422, 

Супойоп dactylon (Linn.) Pers, 422. 

Cyrlosperma merkusii (Hassk.) Schott., 422. 


D 


Dahong-püla, 427. 

Dalanghila, 19, 21, 25, 29. 

Dama de din, 426. 

Damong-maria, 427. 

Datiles, 21, 25, 29, 32, 

Datnia plumbea, 266, 

Daucus carota Linn, 189. 

Dayap, 19, 21, 25, 25. 

DE LEON, ANTONIO І, NATIVIDAD 
EUFEMIO, and MAXIMA PINEDA, 
Chemienl composition of some Philip. 
pine піша, 77, 

DE LEON, ROGELIO Р. 


"The nucleic a 


of Ehrlich ascites enreinoma cells, II. 
Isotope labelling, 943. 
DEL ROSARIO, AVELINO, Studies on 


the biolozy of Philippine mosquitoes, 
IL Observations on the life and 
behavior of Aides albopictus (Skuse) 
in the laboratory, 89. 

Desmodium tortuosum (Sw.) DO, 423. 

Dicranomyia Steph, 220, 221, 

®йап, 423. 

DiMenia philippinensis Rolfe, 21, 25, 29. 

Diospyres discolor Wied, 21, 26, 30, 426. 

ù us paniculatus Turcz, 425. 
375, 316. 
1, 423, 


Dolichopeza (Nesopeza) aphotivma Alex, 

207, 203, 215, 217. 

(Nesopeza) aguia Alex 215. 
(Nesopeza) єлїгийепз Alex, 210-212. 

(Nesopeza) himalaye Alex, 208, 210, 
#11, 218, 

(Nesopeza) microphallus Alex., 210, 211. 
(Nesopeza) orchestes Alex, 298, 212, 
214. 

(Nesopeza) orientalis Brun, 208, 211. 
(Nesopeza) penthema Alcx, 214, 21 
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Dolichopeza—Continued 

(Nesopeza) scotoptera Alex, £15, 217. 

(Nesopeza) thiasophits Alex, 217, 200. 

(Мезорега) vitripennis Alex, 214, 218. 

220. 

(Nesopeza) volupta Alex. 215, 28, 
Dolichos lablab 423. 
Doliophis Cir, 525, 626. 

Bilineatus Boul, 581. 

philippinus Boul., 532, 

Dowlinm Leach, 247. 
Duhat, 21, 25, 29. 


E 


Ebenacere, 426. 
Pberthella typhi Berg, et al, 13}. 
Ebony, 21, 25. 29, 
Elnengnacer, 425. 
Elaeagnus philippensis Perr., 425. 
Elapidm, 423. 
Elaps bivirgatus Kuhl, 625. 
calligaster Jan, 541. 
calligaster Wieg, 535, 540. 
collaris Sebleg., 535, 636. 
collaris var. calligaster Dum.. 540. 
flaviceps Cant, 525. 
frucatua Schn., 525. 
gastrodclus, 526. 
intestinalis var. Giinth., 532. 
Elephantomyia (Elephantomyodes) mireipes 
Ales, 401, 
(Elephantemyodes)  pereuneata Alex, 
402. 
Eleusine indica (Linn.) Gaertn, 422. 
ЕпсосНасевю, 499, 600. 
Enicognathus Dum., 874. 
Fniconnathus Gr, 5714. 
ENRIQUEZ, GLORIA, ecc Yarcutoxcco 
and ENRIQUEZ. 
Entada phaseoloides (Linn.) Merz, 424. 
Enteromorpha Link, 78, 485, 488, 483, 493. 
494, 
compressa (Linn) Grev, 486, 494, 511, 
512. 
intestinalis, 514. 
key to the species of, 494. 
plumosa Кінг, 486, 494, 495, 612, 513. 
spp. 491. 
Eriobotrya japonica Lindi, 21, 25, 29. 
Eriopterini, 234, 402. 
Erythroxylacer, 424. 
Erythroxylum соса Lam, 424. 

Escherichia cali (Mig.) Castell. and Chalm.. 
130. 132, 133, 140, 421, 428, 423. 
Eucalyptus согупосајух F. Muell, 425, 429. 

deglupta Blm., 425, 429. 
Eucheuma muricatum (Gmel) Зум В. 82, 
83, 426, 492, 514. 
EUFEMIO, NATIVIDAD, se De Leax, 
ЕотЕМЮ, and PINEDA. 
Eugenia polycephaloides C. В. Rob, 21, 25, 
29. 


Eumitria asperrima Vain. 58. 
baileyi Strit., 53. 
endochroa Vain., 54. 
endochroa var. farinosa Vain. 
endochroa var. papillata Vain. 
enderhodina Уаш. 51, 52, 54. 
implicita Stirt, 54. 


Euphorbinces, 494, 
Eurypholis Hall, 388. 
Епгурһойз Pic. 369. 


semicerinatus Пай, 368. 
Euthynnus yallo Kisb., 281. 


Е 


False bird of paradise, 423. 

Ficslbie (Mimomyia) chamberlaini Тай, 
458. 

Ficus benjamina Linn, 423. 

stipulosa Mia, 49: 
variegata Bim, 423. 

Fiacourtia ramontehi L'Herit, 25, 27, 3 

Ylaeourtacec, 425. 

FLORENTINO, RODOLFO, and PATROCI- 
NIO EJERCITO DE GUZMAN. The 
selection of data for basal metabolic 
rate standards, 807. 


Floride, 501. 
Еогийение Lepel, 25 
Fragraria vesca , 21, 25, 29. 


Fusarium moniliforme Shell, 421, 428, 429. 


G 


135. 

Galozaura sp, 458, ӘМ, 

GALUTIRA, ERNESTO C. and GREGO- 
TiO Т. VELASQUEZ. Taxonomy 
distribution and sensonal occurrence 
of edible marine alge in Hocos Norte, 
Philippines, 483. 

Gamet, 484, 491, 251. 514. 


binucao (Blco.) Choisy, 125. 
Gorgararao, 492. 
Gargarnatis, 492. 
Gatas-galas, 425. 
Gayong-gayong 492, 514. 
Gelidiaecæ, 502, 
idiales, 5 
Gelidiella ncerosa (Forssk.) Рейт, and 
Ham., 456, 491, 499, 502, 510-513. 515. 


Harva 78, 31. 


sp. T 

GERVASIO, CARLITA С, see BAUTISTA, 
1звато, GERVASIO, and ALABASTRO. 

Gigarünaks, 502, 504. 

Glaeilaria salicornia, $2-81. 

GLOVER, Е. №. SJ. Preliminary report 
of the joint Philippine-American ex- 
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pedition to Canton Island, South Pa- 


cific, 105. 
Gnophomyia (Gnophomyia) cupetes Alex. 
243, 235. 
(Gnophomyin) nigrescens Edw., 235. 
Gozo, 424. 


Gongslocormus Fitz, 525. 
Gonwylocormus Fitz, 268, 309. 

tricalor Sword. 
Golden cup, 476. 
Gonomyia (Gonomyia) brachyura Alex, 287, 


238. 
(Gonomyia) chalaza Alex., 243, 
(Gonomyia) hirsutistyla Alex., 22$, 240. 
(Gonomyia) irianensis Alex, 409. 
(Gonomyia) multiacuta Alex, £40, il. 
(Сопотуіл) merinloca Alex, 241, 213, 
(Gonomgin) rhienantha Alex, 248, 
(Gonomyin) tanaocanta Alex, 240. 
(Gonomyia) taritella Alex, 241. 
(Protogonomyia) alomata Als» 246, 
21. 

GONZALES, ANTONIA L., sce Вовы, 


Gonzates, and Santos. 
GONZALEZ, LOURDES T, JOSE G, 
PALAD, and PACITA L. MANIQUIS, 
Loss of ascorbie meld in chemically 
pectet and candied santol (Sandoricum 
koctiape (Burm. f.) Merr.] fruit, 431. 
GONZALEZ, OLYMPIA N., JOSE GARCIA 
PALAD, and ANITA BRILLANTE, 
Comparative analytieal data of some 
Philippine fruits, 17. 
Governor plum, 23, 27, 31. 
Gracilaria, 488, 511, 512, 514, 
acerosa, 507. 
canaliculata, 511, 
confervoides, 481. 
coronopifolia J. Ag, 486, 508, 513. 
key to the species of, 506, 
lichenoides, 511. 
salicornin C. Аш, 486, 506, 510, 313, 
D 
SDD», 402. 
verrucosa (Huds) Papenf., 400, 607, 
508, 510, 211, 518, 514, 
Gracilarineese, 304, 506. 
Graminer, 422, 
Granada, 21 
Grateloupiacere, 503, 
Ground orchid, 4 
Guava, green, 2 
Guinogutan, 53: 
Guinuguran, 5: 
Gulaman, 514; dagat, 484. 
Gulaphallus mirabilis Herre, 281. 
Guraman, 484. 
Guitiferz, 4? 
Guwayabano, 21, 25, 20. 
Guyabano, 423, 
H 


Hæmatoxylon campechianum Linn, 424, 


тей, 20, 24, 28. 
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Halymenia clarokles, 511, 513, 
ЧагуШае Bor., 
512, 515. 
sp, 82, 83, 488, 508, 512, 
Harpegnathus Jerd, 251. 
empesoi Chap, 254, 255. 
Hedychium philippinense К. Schum., 425. 
Helianthus annuus Linn., 
Ucliconia platystachys Bak, 423. 
Helius St. Farg, 400. 


(lfelius) anzwmieus Alex, 398, 299. 
(Melius) stolidus Alex, 309. 
(Melius) subwnaemicus Alex, 398. 
(Rhyncholimoniad Alex., 400. 
(Rhynchotimonia) — dieroncwrms — Alex, 
409, 401. 
liehminthoelaps Jam, 525. 
Hemibungarus Pet, 235, 
calligaster Boul., 512. 
calligaster Mey, S41. 
collaris, 535. 
gemmianulis Boett, 512. 
sp. Griff, oii. 
Hemigraphis colorata (Blm,) Halt, f, 427. 
Tlenicognnthus Cop., 873. 
HERNANDEZ, ZENAIDA L., sce Batones, 


HERNANDRZ, QUINITIO, amd ALABASTRO. 


Rerpetodryus geminatus Schleg., 371. 
tricolor Sehieg., 367-370, 372, 

HERRE, ALBERT W, С. T. The lichen 
menus Usnea and its species at present 
known from the Philippines, 41, 

Hexatomini, 231. 

Hibiscus mutabilis Linn, 425, 

Momnlomena philippinensis Engl, 422. 

Mura crepitans 1, 425. 

Hydnocarpus anthclmentiea Pier, 425. 

liydrocharitaeem, 422. 

Hydroclathrus, 499, 512, 514, 516. 
canesilatus, 79, 82-81. 


clathratus (Bor.) How, 401, 000, 513, 
5. 
durvillaci (Ber) How., 848, 513. 


Tiypnen charoides Lam., 456, 480, 505, 507- 
310, 512. 
musciformis, 82-81, 511. 
sp. 488, 490, 505, 510-312, 514-16. 
Hypnenees, 501, 505. 
Hypomesus pretiosus, 282. 
Hyptis capitat Jaca, 426. 


Te, па 
Indian mango, 22, 28, 30. 
Inocarpus edulis Forst, 42 
1рошоев aquatica Forsk., 186, 514, 

batatas Linn, 182, 136, 514. 
Dish moss, 77. 
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ISBERTO, ANITA Г. sce BAUTISTA, Is- 
BERTO, GERVACIO, and АТАВАЗТИО. 

Ispinaka, 136. 

Istroberi, 19, 21, 25, 29. 


J 


Jaekfrult, 21, 25, 29. 

JULIANO, JOSE O. and CESAR L. 
PINEDA, A semi-empirical equation 
for the thermal neutron distribution 
of PRI, 437. 

JULIANO, JOSE 0. and GLORIA R. 
САРОО. Calibration of Собай—60 
teletheraphy machines using benzenc. 

water dosimeter, 441. 

JULIANO, JOSE O. PERICLES T. ME- 
NESES, and CESAR 1. PINEDA. 
Physies calculations for the Philippine 
Open Pool Reactor PRR-L В. Flux 
distribution and excess reactivities, 
185, 

JULIANO, JOSE O, and CESAR I. 
PINEDA. Physics caleulations for 
the Philippine Onen Pool Reactor 
TRR-L 0. Reactor control 329. 


к 


Kabuyau, 424. 

Kuimito, berde, 20, 24, 28: murado, 20, 24, 
28. 

Kalobnen, 10, 20, 24, 28, 136, 428. 

Kalabua, 42: 

Kalamansi, 82, 424. 

KALAW, CECILIA У. ave MasteScan, 
KALAW, and MASILURGAR, 


Kalios, 423. 
Kalit-kalit, 425, 
alumpit, 425. 


38, 136, 139. 
21, 28. 


Kamias, 414. 
Kamote, 152, 130; leaves, 614, 
Kamupang, 4 

Kamyus, 20, 21, 28, 136. 
Kangkong, 186; leaves, 614. 
Камош, 427. 

Kuong, 422, 

13. 


Katmon, 19, 21, 25, 2%, 
Katsuwonus pelamis (Lim), 281. 
Kawad-kawaran, 422, 

Kayam, 424. 

ро, 42! 


igelia africana (Ъат,) Benth. 426, 
Kintsay, 182, 133, 136, 189, 
Koliplawer, 138, 186, 189. 


Kolohot, 19, 21, 25, 20. 33. 
Ku, 112, 112, 18. 
Kulitis, 197. 


Kundol, 21, 25, 29. 
Kutsay, 137. 


Labanos, 187, 139. 

Labiatm, 426, 

Lab-labig, 492. 

Labong, 197. 

Lactuea sativa Lim, 132, 137, 129. 

Laminaria cloustini, 70. 

digitata, 8; 
saecharina, ТО, 

LANDE, MANSUR, see Carexrix, LANDE, 
and Paxcmo. 

Landrina, 497, 

Langka, 19, 21, 26, 29. 

Тапка, 428, 

Xonsium domestimum Corr, 21, 

Lantana camara Linn., 426. 

Lanzon, 21, 23, 2 

Tanzones, 19, 21, 2; 

Laosa, 101, 

Laurzcem, 423, 

Laurel, 126, 

Laurencia, key (9 the spectes of, 509. 

okamurai Yam., 486, 491, 400, 506, 509, 
513. 

papillosa Grev, 491, 000, 212, 513, 

sp. 484, 488, 490, 508, BII 516, 

Lawsonia inermis inm, 425. 

Leguminosae, 423. 

Letsugas, 182, 197, 139. 

Leuresthes tenui 

LEVITON, ALAN Contribution to а 
review of Philippine snakes, IL. ‘The 
snakes of tha genera Liopeltis and 
Sibynophis, 367, 

LEVITON, ALAN Е, Contributions to a 
review of Philippine snakes, Ш, The 
genera Mativora and Calliophis, 523. 

Liagora sp. 489, 492, 501. 

Libnotes, 401. 

Licuala, 422. 

grandis Wendl, 422, 
spinosa Warmb., 4 

Lima-tima, 426. 

Lime, 21, 

Limonia Meig., 220, 221, 400. 

immerene Alcx, 228, 230. 
(Dicranomyia) abjunta Alex, 925-227. 
(Dieranomyia) encharis Alex, 391. 
(Dieranomyia) neabjuncta Alex, 225. 
(Dicranomyia) nigrithorax (Brun.), 222, 
(Dicranomyia) niveifusea Мех. 292, 
204. 
(Geranomyia) atychia Alex, 224 
(Geranomyia) dicranostyla Alex, 396, 


ЕТА 
{Geranomyia} fumimarginata Alex, 22 
{Geranomyia} offirmata Alex, 228, 


{Geranomyia} гирех Alex, 996, 
(Geranomyia) sramantzka Ales 
228, 

(Geranomyia) tanytrichiata Alex, 397. 


227, 
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Limonia— Continued 
(Laosa) falcata Alex, 355, 886. 
(Laosa) innuba Alex, 285. 

(Laesa) paro Alex, 383, 385. 
{Таоза} enffatcata Alex, 355. 
{Libnotes} invicta Alex, 286, 388. 
(Libnotes) lactinota Alex, 224, 225. 
{Libnotes} nervosa Alex, 22: 
(Libnoles) tiioeincte Alex, 288, 389. 


(Rhipidia) dione Alex, 239, 
{Sivalimnobia) alticola (Edw). 221. 
(Sivalimnobia) approximata — (Brun), 


221. 
(Sivalimnobia) 
(Sivalimnobia) 


biceps Alex, 221. 
bicolor (Brun), 221. 
(Sivalimnobia) bipunctata Brun, 221. 
walimmobia) curvispina Alex, 221. 
immobia) euphileta Alex, 221. 
а) fortis (Brun), 22 


(Si kali Alex, 221, £24. 
(Sivalimnobia) 
(Sivalimnobia) 


ivalimnobia) 
Мей.), 221. 
(Sivalimnobia) 


rahula Alex, 221, #22, 
(Thrypticomyia) arcus Alex, 997, 393. 
(Thrypticomyin) microstigma Alex., 398, 


Limoniine, 383. 
Limoniini, 229, 333. 
Limonsito, 494. 
Liopeltis Fitz, 367-370. 
key to the Philippine species of, 370. 
philippina (Boett.), 370. 
philippinus Tayl. 370. 
tricolor Сор. 3T 
tricolor (Sehleg.), 370, 372. 
Lipoti, 21, 25, 29. 
Litsea glutinosa 
Logoniacez, 426. 
Logwood, 424. 
Lokwat, 19, 21, 25, 29, 32. 
Lucuma nervosa A. DC, 23, 21, 31. 
Luffa eylindrien Linn, 137, 
Lukban, 424. 
Lumbang-bato, 425, 
Lumot, 491. 
Tumut jusi, 514. 
LUNA, ZENAIDA G., sec Caast, 
Loxa, and CASTILLO. 


Чош.) С. B. Rob, 423. 


Astaco, 


Lyeopersicum esculentum МИП, 20, 24, 25, 

136, 139. 

esculentum Mil. var, pyriforme Alef., 

20, 21, 28. 
Lygodium circinnatum (Burm) Sm, i22. 
Lythraceze, 425. 

M 

Mabolo, 21, 25, 26, 29, 30, 426. 
Me'Arthur palm, 4 
Magnoliacem, 423. 
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Mohonia japonica DC, 36. 
philippinensis Tak, 35, 37; the tertiary 
alkaloids of, 55. 
Mais, 422. 
Makahiang-lalaki, 424. 
Makepa, 22, 26, 30. 
Malakawayan, 422, 
Malay apple, 22, 27, 81. 
Malaya genurostris Leie, 451, 
Mallotus philippensis (Lam.) 
425, 429. 
Malphigizcem, 424. 
Maluko, 423. 
Maluüzgas, 127. 
Malvacer, 425. 
Mandarin, 21, 25, 29. 
Mangasa, 114, 148. 
Mangga, 19; indiyan, 26, 30, 32: kalabaw, 
22, 26, 30; piko, 22, 26, 30, 32, 
Mangifera indica Linn., 22, 26, $0. 
Mango, 22, 26, 30. 
Mani, 423. 
Manilkara kauki Dub, 426, 
MANIQUIS, PACITA L, ace 
Patan, and MAxIQUIS. 
Mansonils, 427. 
Maracoayan, 511. 
Marang, 423. 
Maranta arundimacen, 159, 
Marmalade plum, 23, 27, 31. 
MARYOTT, ALICE. The nuclear predica- 


Muell.-Arg., 


Goxzacez, 


tion in Sangir, lii. 

MASILUSGAN, FLEUR DE LIS С. see 
MasiuScax, Kalaw, and ILU- 
Bean 


MASILUSGAN, VICTORIA А. CECILIA 
У. KALAW, and FLEUR DE LIS С. 
MASILUNGAN. Screening of plants 
from the Makiling ares for anti- 
microbial substances, 421. 

Matang-hipon, 425. 

Maticore Gr, 523, 525, 526, 

E 


bilineata (Pet), 526, 528, 581, 
intestinalis, 527. 
intestinalis bilineata (Pet), 528, 529, 


531. 
intestinalis, immaculata Love, 526. 
intestinalis intestinalis, 529. 
intestinalis philippina Günth., 

532. 
intestinalis philippina Lev., 532. 
intestinalis suluensis Steind., 526, 52: 

524, 

Tineata, 529. 

Philinpina Love, 626, 527, 529, 622. 
Melaleuca leueadendron Linn, 495, 
MENESES, PERICLES T. все Jvutano, 

‘Mentses, and PINEDA. 

Michelia alba DO, 423. 

champaca Linn, 403. 
Micrococcus, 133, 184. 110. 

Pypogenes var, aureus Zopf, 491, 


аз, 


Index 


Microstomus pacificus, 285, 


Milon, kastila, 22, 26, 30. 
Mirasol, 427, 
Momordien charantia Linn., 196, 199, 427- 


Mongoma nastralasie Kert, 
Monkey jack fruit, 428, 
Monochoria vaginalis (Burm, f.) Presh, 473. 
Moracem, 423. 

Moringa olcifera Lam., 137. 

Mucuna pruriens (Linn) DC, 421, 429. 
Muntingia calabura Linn, 21, 25, 20. 


, 403. 


Musa errans (Bleo) Teod- Botoan 
Pood, 22, 26, 20, 428. 
sapientum. Linn, 22, 22, 26, 27, 30, 31, 
137. 


sapientum compressa, 450. 
textilis, 450. 

‘Musacere, 423. 

Mustasa, 137, 

Mycobacterium tuberculosis, 421, 428, 429. 
Myrmecaria brunnea carinata Fr. Sm., 510. 
Myrmecinnie Горе. 
Myrtacez, 


м: 


ive pineapple, 22, 26, 89. 
Neothunnus maeropterus (Schleg.), 981. 
Nephelium lappaceum Linn, 425, 424, 
Nipai, 42. 
Nito, 422, 
Nothopanas fruticosum 
Nyetaginncem, 423, 


(Linn) Mig, 426, 


o 


Ochroma lagopus (Sw) Uch, 423. 
Okra, 131. 

Olasiman, 
Oliba, 422. 

Ophood . 868, 369. 
Ophiccphalus striatus Bl, 281. 
Orehidncese, 42: 
Otaheite apple, 23, 27, 81, 
Ottelia alismoides (Linn) Pers, 
Ovaria rufa Bim., 22, 97, 21. 
Oxaliducen, 421. 
Oxalis repens 


422. 


hunb, 424. 


P 


Pachyrrhizus erosus (Linm.) 
Padina australis, 79, Bi. 
sp., 18. 

Pacdería foetida 

Pagsahingin, 424. 

Pakwan, 22, 26, 30. 

PALAD, JOSE GARCIA, see GONZALEZ, 
Pavan, and BRILLANTE; see also 
Gonzaez, Patan, nnd Мамо. 

Palauan, 422. 


Urb, 138. 


Linn, 
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Palme, 422, 
PANCHO, J. V., see CAPINPIX, LANDE, and 
PANCHO. 

Pandamus sp, 451. 

Panica, 652. 

Panpanao, 402, 

Гарах, 28, 30. 

Papa: 22, 25, 30, 32. 

Papua, 

Paracolon, 183, 181, 140. 

Paragis, 422, 

Parasibynophis, 375. 

Parmentiera ecreifeva Seem, 427. 
edulis DC, 427, 

Pasmumna-bilog, 425, 

Pasionaria, 22, 26, 30. 

Passiflorn edulis Sims. 


22, 26, 30. 


Passion fruit, 92, 26, 30, 
Pasyonarin, 10, 22, 28, 30. 
Patani, 137, 424. 


PATERNO, VISITACION А. see Тахт 


bap, Pareto, Аввох, and QUINITIO, 
Patola, 187. 
Гауди, 422, 


Tear Tomato, 20, 24, 20. 
Peltophorum inerme (Дох! 
Pepino, 197, 19% 
Percomorphi, 266, 
Persea пе 
Peta, 291. 
Petrea volubilis Linn, 426. 
Tetsay, 137, 
Phaephyeem, 402, 409. 
Phaseolus aureus Hoxb, 128, 
hunatus Linn, 197, 424, 420. 
Pbeidole Westw. 
fantasia Che: 
Pheidolini Emer., 255. 
Philippine dillenis, 21, n 
Phragmitophis Günth., 367, 368. 
tricolor Qünth., 512. 
Phyllanthus niruri Linn, 495. 
Vilari (Alex), 233. 
232. 


-) Mams 424. 


unica 
coorgensis Alex, 332, 

т, 30, 

PINEDA, CESAR 1. see JUMANO and 
PINEDA; see also JULIANO, MENESUS, 
and PINEDA. 

PINEDA, MAXIMA, see ng хон, Eurzwno. 
and PrxEDA, 

60, 12, T5. 


Pistia stratiotes Linn, 

Pisum sativum Linn. 138. 

Pithecolobium dulce (Roxb,) Benth, 20, 24, 
28 

Plumbaginacem, 420, 

Plombago indica Linn, 428. 

Pocpoclo, 491. 

Podocarpus philippinensis Toxw, 422. 

Pokpoklo, 54, 515. 
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Polyodontophis Boul, 314. 
bivittatus Boul., $76. 
Polyrhachis Fr. Sm, 258, 260, 262. 
(Anontomyrna) parabiotiea Chops 
Pomegranate, 21, 25, 29. 
Tomelo, 28, 27, 31. 
Ponerinae Lepel, 254, 
Ponerini For, 254, 
Pontederincer, 493. 
Porphyra сара Kjellm., 486, 
501, 513. 
sp. 484, 485, 501, 512, 514, 516. 
Portuluea oleracea Linn, 428. 
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489, 


491, 


Tosoquieria latifolia. Roem. and Shuli 
Proteus, 183, 334, 140. 
Tsendolimnephia (Pseudolimnophila) mono- 
Pseudelaps Fitz, 

melania Alex, 231, 283, 
Tseudomonas cumingii Don., 109. 
Psidium gujava Linno 20, 24, 28, 425. 


Psychotria luconiensis (Cham. and Sclecht.) 
T-Vil, 427, 420. 

Pterocarpus indicus Willd. 

Ptychosperma macarthuri 

Punetariules, 499. 

Ponien granatum Linn, 21, 25, 29. 

Tuso-puso, 423. 
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її. Wendl, 422. 
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Quassia amara Linn, 424. 
QUINITIO, PEREGRINO H., все Bios 
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Quinmo, and ALAmas- 
gee айо TRINIDAD, PATERNO, 
and Qorxirio. 
Е 
Rambutan, 425. 
Raminad, 291, 294, 299, 
Raphanus sativus Linn., 187, 139. 


Red alga, 70, 82, 84, 85. 

RELOVA, ROGELIO N., eec ANZALDO, Tom. 
mALDA, nnd RELOVA, 

Repolyo, 132, 137, 189. 

Rhodomelacew, 509, 

Ithedophycem, 492, 500, 501, 5l. 

Rice, effect of adding emulsion and surfact- 
ant io canned cooked, 143, 

Ricinus communis Linn, 425, 429. 

Rimas, 22, 26, 80, S2. 

Robusta coffee, 42 

Rodomenia palmnta, 17. 

Tollinia arthopetata A.DC, 20, 24, 28. 

Rubincem, 427. 

Rutacea, 424. 


Saga butan, 423. 

Saging, 197, 

Saguing, bungulan, butuan, gloria, lakatan, 
latundan, murado, saba, ternate, 22, 
28, 26, 27, 30, 3L 
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Salmonella, 130. 
Saluyot, 137. 
Sempnlok, 28, 27, 31. 
Sampasampalukan, 4 
Samsamit, 492, 
Sand box tree, 498. 
Sand ‘paper vine, 426, 

Sandoricum kectiape (Burm, f) Merr, 28 


27, 1. 

Sansevieria trifasciata Prain. var, Laurenti 
QE. Br, 17), 180. 

Santol, 23, 27, 31, 32. 


MILAGROS 0. see Diroset, 


Sapindaceg, 425. 
Sapodilla, 23, 27, 81. 
Sapotaces, 428. 


Sardina eaerulen, 282, 
Sardinella fimbriata Cuv, and 
Sardinops ocellata Dav., 285. 
ocellata Puppa 281. 
argassum Binderi Sond., 82, 83. 
granuliferom (C. Ag.), 82, 83. 


Val, 281. 


hornie, 85. 
ilicifolium (C. Ag), 82-51. 
mierocanthum, 85. 

siiquosum (C, Am), 82, РЗ. 


sn. 18, T0, 81-86, 484, 488, 492, 614. 
Sarili, 29, 27, 91. 
Sawali, 512. 
Sayate, 138. 
Seaphiodontophis, 375. 
Seheffera odorata (Bleo) Мет. nnd Rolf, 
426. 
Schizneaven, 422. 
Schizostachium zollengeri Melure, 422. 
Scorpaenichthyes marmoratus Ayr, 286. 
Sechium edule Sw., 138, 
Serali, 19, 23, 27, 81. 
Serratia, 133, 140. 
Setawar, 423. 


Siar, 424. 
Sibon, 375, 816. 
Sibuyas, 188, 139, 


Sibynophis Fitz. 867, 374-275, 378. 
bivittatus Boul, 375, 
burttatus Tayl, 876-378. 
chinensis grahami, 37$. 
collaris, 378. 
geminatus, 916, 377. 
subpunetutus, 378. 

iyopterus extrancus Herre, 

Sileng-bilog, 426. 

Reng-labuyo, 426. 

Sill, 138, 189. 

arubacer, 424, 

Sinamay, 472 

Sinamomo, 425, 

Sineguelas amerikano, 19, 28, 27, Sl. 

Siniguelas, 23, 27, 81, 32, 

Ката, 138. 

Siphonales, 493, 496, 


281, 282. 
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Sitsnro, 198. 
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Sizygium cumini (Linn.} Skeels, 21, 25, 29. 
S. keohit, 291, 294, 299. 

Skyflower, 427. 
Snow bush, 4? 
Solanaecze, 426. 
Solandra hartwoi 
Solanum cumingii Dun. 


si N.E.Br., 426. 
169, 170, 172-176, 


melongena Linn. 133, 169, 179, 172-176. 
sp, 169. 
Solieriacese, 504. 
Soursop, 21, 29. 
Spathoglottis plicata Blm,, 423, 
Sphyreena argontus, 282. 
Spondias cytheren Son, 23, 27, 31. 


purpurea Linn, 23, 27, 31. 

Squash fruit, 20, 24, 28. 

Star apple, purple, £0, 24, 28, 

Бї apple, green, 20, 24, 28. 

Stegomyia, 89. 

Strawberry, 21, 25, 29. 

Streblus asper Lour, 493. 

Streptococci, 122. 

Strychnine plant, 436. 

Strychnos nux-vomica Linn., 426. 

Styringomyia biroi Edw, 41, 413, 415. 
didyma (Grunb.), 411. 
ensifera Edw., 412, 413. 
ensiferoides Alex, 418. 
fumitergata Alex, 410, $11. 
kerteszi Edw, 411, 415. 
phallosomica Alex, 415, $14. 
setifera Alex, 514, 415, 
spinicnudatn Alex, 412, 414. 

Sugar apple, sweet вор, 20, 24, 28. 

Sugar gum, 425. 

Suha, 23, 27, 31, 32. 

Susong-kalabnu, 423. 

Susong kalabaw, 23, 27, 31. 

Syzydium malaccense (Linn) Merr. 

Per, 23, 2% 31. 

smmarangense (Dlm.), 22, 26, 30. 


ond 


Tagbak, 425. 

"Pugpongarubat, 427. 

Taingan-daga, 424, 

Talinum sp. 

lenves, 511, 

amgulare Willd., 198, 514. 

Тайрарпв, 199, 134, 140, 

Talong, 138. 

Tamarindus indica Linn, 25, 27, 31. 

Tangnn-tangan, 125. 

Tangisang-bayauak, 423. 

Tanglad, 4 

Taxacew, 42: 

TEGENGREN, FELIX R. A historical re- 
view of gold in the Philippines, 549. 

Terminalis mierocarpa Dec, 425. 
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Telragonin expansa Murray 136. 

‘Thalassia, 488-490, 

‘Therapon plumbeus (Kner), 265. 
(Datnia) plumbeus (Kner), 268, 286. 

"Theraponidie, 266, 

Thryalis glauca (Сат) ©. Ktze, 424. 

ies, 23, 27, 31. 


iversifolin A, Gr, 
291, 201, 209. 


421. 


Tomato, 20, 24, 28, 
Tong 
bos Bai, 451. 

и, 771. 

TORRALBA, ERLINDA M., see ANZALDO, 
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‘tventepohlia (Mongoma) amissa Alex, 407. 
(Mongoma) austenlasiw Sku. 403, 


416. 
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(Mongoma) finbricoata Alex., 407. 

(Mongoma)  wmaerotrichia Alex. 405, 
406. 

(Mongoma) nigrescens Alex. 404, 405. 
(Mongoma) parallela Alex, 406. 
(Mongoma) spinaspersa Alex, 406-109, 


(Mongoma) 
(Мопдот 
409, 
Tridax produmbens Linn., 427. 
TRINIDAD, PRIMITIVO P., VISITACION 
A. PATERNO, ADRIANO A. ABDON, 
and PEREGRINO JL QUINITIO. 
Microbial load of fresh vegetables, 
129. 
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‘Trypanosoma Brucel, 359, 363, 264. 
eri, 350, 360, 
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evansi, 320, 360, 363, 364. 
lewisi, 859. 
rhodesiense, 359. 
Tsiko, mamei, 23, 07, 31, 22. 
Mo, 85-81. 


eubappresea Alex., 407, 409. 
fenuicerus Alex, 406, 408, 
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‘Unsuy, 132, 138, 139. 
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Laieri (Stir) А. Zahlbr, 49, 63. 
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barbata var. articuluta f. erecta Stein, 
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barbata var. asperrima Mull-Arg, 53. 
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ciliata Vain. 
comosa, 58. 
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flexilis Sürt, 49, 50, 73. 
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grabata, 10. 
hossei Vain 50, 61, 64. 
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humilis Herre, 61, Tl. 
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hevata Motyk, 5l, 
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вз. 
marivelensts (Vain) Motyk, 50, 68. 
mearnsi (Vain.) Motyl., 66. 
misamisensis (Vain) Motyk., 63. 
montagnei Motyk, 50, 69, 
perenva f. nsperrima Stein, 63. 
vhilippina Vain. emend, Motyl, 60, 07, 
philippina var, mearnsi Үлїп, 66. 
philippina var, primaria Vain, 67, 
pyenoclada Vain, 60, 40 
ramosi Herre, 51, T2 
roseola Vain. 49, 58. 
rubeseens Stt, 49, T. 
rubescens Stirt, var, rubrotineta (Stirt) 
Motyk,, 08, 
rubicunda Stirt, 49, 55-58, 
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rubicunda var. rosea Motyk., 67. 

rubrotincta Stirt, 58, 

schadenbergians Goepp, and Stein, 45, 
о, 00. 

squarrOsa Yain., 49, 6L O60 

squarrosa var, misamisensis (Vain.), 
01, 63. 

sublacumosa, 68. 

sublwida Stirt, Uf. 

trichina, 67. 

trichodea, 65. 
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Vanilla planifolia Ait, 423. 

Verhenacer, 426, 

Vigna sesquipedalis Fruw., 138. 
VILLAREAL-SULIT, SUSAN, and GRR- 
TRUDES AGUILAR-SANTOS. The 
tertiary alkaloids of Mahonia phitip- 
pinensis "Tal, 
Vitueww, 42: 


Water melon, 22, 2 
Waxgourd, 21, 25, 29, 
Weeksia вр, f 
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Yombo, 19, 23, 27, 31. 

YAPCHIONGCO, JOSE V., amd GLORIA 
ENRIQUEZ. Notes on cortain aspects 
in the biology of Therapon plumbeus 
(Kner), 265. 

Yellow bamboo, 492. 

Ylapo, 552, 

YUTUC, LOPE М. Age resistance of rais, 
guinen pigs and cuts to Trypanosoma 
evansi with a note on the biometry 
of the fagelinte, 329. 
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Zen mays Linn, 422. 

Vingiberneeze, 423. 

Konrees viviparus, 253. 
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